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studies  on  Bird  Malaria  in  Relation  to  the  Mechanism  of 
Relapse 

General  Introduction 

The  observations  and  experiments  reported  in  this 
paper  were  made  for  the  purpose  of  aiding  in  the  solution 
of  certain  fundamental  problems  in  malaria.  Under  ordinary 
circumstances  it  is  impossible  to  carry  on  such  investiga- 
tions with  human  patients,  hence  the  malarial  organism  of 
birds,  Proteosoma  praecox,  was  used.  This  and  similar  avian 
parasites  have  been  employed  by  many  investigators  in  the  past 
for  the  study  of  malaria  and  have  led  to  results  of  the  utmost 
importance  that  could  be  translated  almost  directly  into  terms 
of  human  malaria,  such  as  the  significance  of  exflagellation 
and  fertilization  discovered  by  MacCallum  (l897)  in  the  halteri- 
dium  of  birds  and  the  mosquito  transmission  of  malaria  which 
was  first  worked  out  with  the  Proteosoma  of  birds  by  Rosa  (l898), 
The  principle  problems  attacked  by  the  writer  involve  (l)  a 
statistical  study  of  the  relations  between  the  parasitic  inva- 
sion of  the  bird  by  the  malarial  organism  and  the  changes  in 
the  blood  picture  during  the  course  of  the  infection,  (2) 
histological  and  pathological  studies  of  the  tissues  of  birds 


during  the  infection  and  at  rarious  intervals  after  the 
infection  has  disappeared  from  the  blood  and  {Z)   a  study 
of  the  mechanism  of  relapse. 

The  writer  wishes  to  acknowledge  here  her  in- 
debtedness to  Dr.  R,  W,  Hegner  for  his  inraluable  advice, 
constant  encouragement  and  inspiration  and  to  Dr.  Samuel 
T.  Darling  and  Dr.  W.  H.  Taliaferro  for  liberal  counsel 
and  suggestions. 

The  Course  of  Infection 
Introduction.   The  literature  of  bird  malaria 
contains  little  or  no  information  on  the  exact  nature  of 
the  infection  in  this  animal.   The  data  available  are 
purely  qualitative  and  apparently  have  failed  to  indicate 
the  precise  correlation  between  the  ntunbar  of  parasites 
and  the  corresponding  blood  pictures.  This  has  led  to 
conclusions  that  in  the  light  of  the  results  of  the  present 
investigation  are  not  well  founded.   Danilewsky  (1890)  was 
ri^ht  when  he  stated  that  the  severity  of  the  disease  is  in 
direct  relationship  to  the  number  of  parasites  present  but 
his  was  rather  an  assumption  than  a  conclusion  drawn  from 
exact  and  precise  enumerative  methods.  His  belief  that 
malaria  in  birds  is  characterized  by  a  definite  periodicity 
varying  from  four  to  five  days  does  not  seem  to  be  borne 


out  by  the  facti  eren  thouf^h  spontaneous  rises  in  the 
number  of  parasites  hare  been  obaerTed  on  rarious  occa- 
sions.  Such  rises  are  not  periodic  but  are  capriciously 
irregular  and  cannot  be  correlated  with  corresponding 
rises  in  the  temperature  as  will  be  shown  by  data  further 
on.   Danilewsky  described  malaria  in  birds  as  an  acute 
infection  with  a  sharp  rise  in  temperature.   Koch  (1899) 
and  Ruge  (l90l)  were  also  of  the  opinion  that  malaria  in 
birds  is  of  an  acute  nature  and  that  after  the  disappear- 
ance of  the  parasites  from  the  peripheral  blood  a  complete 
cure  and  then  an  immunity  is  established. 

On  the  other  hand  IVasilewsky  (1904),  Maldouan 
(1912),  Whitmore  (1913)  and  Prowazek  (l920)  belieTe  that 
malaria  is  usually  a  chronic  infection.   Such  an  infection 
may  last  from  a  few  weeks  to  a  few  years  and  if  parasites 
are  present  in  the  body,  any  stage  of  the  asexual  cycle  may 
be  found  in  the  peripheral  blood. 

Problem.   It  was  thought  to  be  of  interest  to  ob- 
tain complete  graphic  representations  of  a  relatively  leu-ge 
number  of  infections  and  ascertain  whether  or  not  there  is 
an  analogy  between  such  infections  and  those  in  man,  and  it 
was  particularly  desirable  to  draw  a  parallelism  of  an 
enumeratire  nature  between  the  prevalence  of  the  parasites 
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and  the  corresponding  drama  that  takes  r)lace  in  the 
blood.   It  was  therefore  essential  to  make  daily  blood 
counts  of  the  series  of  birds  experimented  on. 

In  the  following  part  of  the  present  work  the 
main  question  that  presents  itself  is  this:   Does  Pro- 
teosoma  praecox  set  up  an  infection  that  it  essentially 
the  same  in  all  the  canaries  handled,  or  does  it  produce 
rarious  kinds  of  infections?   Detailed  studies  were  made 
of  23  birds  and  the  results  of  the  experiments  clearly 
indicate  that  very  definite  and  relatively  clear  cut 
types  of  infections  exist  in  Proteosoma  -  infected  birds 
and  those  types  have  been  classified  in  three  groups, 
namely,  acute  primary  infections,  extended  irregular 
infections  and  benign  infections. 

Material.  The  canar^''  (Serinus  canaria)  was 
used  as  an  experimental  animal.   Such  a  bird  rarely  shows 
a  spontaneous  infection  in  nature  and  furthermore  is 
readily  available  and  easily  kept  in  captivity  for  rela- 
tively long  periods  of  time.  The  strain  of  Proteosoma 
praecox  was  obtained  in  1918  by  the  laboratory  of  JvSedical 
Zoology  from  Dr.  Eugene  R.  Whitmore  of  the  George  ./ashin^^on 
University.   Dr.  V/hitmore  originally  obtained  the  strain  in 
1913  from  sparrows  in  New  York  and  carried  on  the  infection 
in  canaries. 


Methods.   Inoculations  were  made  as  folloirs. 
About  0,3  to  0.4  CO.  of  blood  was  drawn  into  a  syringe 
from  a  vein  of  an  infected  bird's  win^,  diluted  with  0.9 
per  cent  of  salt  solution  and  about  half  a  cc.  of  the 
dilution  was  injected  into  the  abdominal  cavity  or  the 
breast  muscle  or  both  of  an  uninfected  bird.   The  para- 
sites appeeur  in  the  peripheral  circulation  in  from  9-14 
days  as  a  rule  but  sometimes  not  xmtil  24  days  have 
elapsed. 

Thomson  in  1911  devised  a  new  counting  pipette 
for  estimating  the  number  of  leucocytes  and  parasites 
per  cmm.  of  blood.  He  was  able  to  enumerate  quickly 
and  quite  accurately  the  leucocytes  and  parasites  simul- 
taneously with  the  red  cell  count.   In  working  with  bird's 
blood  the  writer  found  it  easier  and  more  satisfactory  to 
resort  to  the  usual  method  of  counting  with  the  standard 
haemacytometer  and  the  Levy  counting  chamber. 

Blood  was  obtained  from  a  small  wing  vein  by 
quickly  puncturing  with  a  sharp  and  cleeui  entomological 
needle  after  removal  of  the  local  feathers  and  thorough 
cleansing  with  alcohol.   The  error  due  to  pressure  or  to 
the  slow  superficial  circulation  in  the  capillaries  as  is 
the  case  with  hiiraan  material  is  thus  completely  eliminated 
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since  the  blood  flows  freely  and  directly  from  the 
vein.   Together  with  the  red  cell  counts  thin  and  even 
blood  filras  were  made  for  the  eniuneration  of  parasites 
and  in  some  cases  for  the  corresponding  differential 
count.   EnumeratinfT  the  parasites  present  per  ten 
thousand  er'/throcytes  of  each  sample  of  blood  and 
having  the  corresponding  blood  count  of  that  day,  it 
was  an  easy  matter  to  calculate  the  number  of  parasites 
per  cram,  of  blood. 

In  order  to  ascertain  the  normal  erythrocyte 
count  a  blood  count  was  made  of  each  bird  on  or  before 
the  day  of  injection.  The  normal  number  of  red  cells 
in  fowls  has  been  reported  by  vsurious  investigators  to 
vary  from  2  million  to  over  4  million  per  cmm.   In  can- 
aries the  normal  count  was  found  to  range  from  4  and  a 
half  million  to  a  little  over  five  million,  the  mean 
being  somewhere  around  four  and  a  half  million. 

The  leucoo3rtes  were  counted  in  a  few  cases.  It 
was  found  impossible  to  make  daily  absolute  counts  for 
the  following  reasons.  A  large  quantity  of  blood  is  re- 
quired for  a  white  blood  count;  blood  was  also  necessary 
for  the  daily  red  blood  counts  ajid  for  films.  The  with- 
drawal of  such  a  large  amount  of  blood  would  cause  a 
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considerable  distortion  in  the  blood  picture   and  would 
affect  the  health  of  the  bird.      Differential  counts 
which  seem  to  be  more   important  than  absolute  counts 
were  therefore  made  from  the  thin  blood   films. 

Wright's   stain  was   used  throughout   the  work   for 
the  blood   films.      Osmic  acid  vapor   fixation  was  found 
very  satisfactory  but  Wright's   gives  as   good  a  stain 
for  the  study  of  detailed  morphology  as  osmic  acid  vapor 
and   is  at  the  same  time  easier  and  quicker  to  use. 
Original  Observations 

1.   Type  1.     Acute  Primary  Infections. 

Of  the  23  birds  on  which  detailed  studies  were 
made  4  birds  had  acute  primary  infections. 

(l)  Bird  9.     The  data  obtained   on  this  bird  sure 
presented  in  Table   1  and   Figure  1.      The   incubation  period 
lasted   for   23   days,   that    is,   the  parasites   first   appeared 
in  the  peripheral  blood  23  days   after  the   in.jection  and 
rapidly  increased  within  a  day  and  a  half  to  a  little  over 
17,000  per  cmm.   of  blood.      There  was  a  sharp  decline  in  the 
number  of  organisms  within  two  days   and  on  the  sixth  day 
there  were  relatively  few   left.      After  that,   one  or  two   para- 
sites  could  be   found  with   some   difficulty  for  a   few  days. 

At   the  time  of   inocxilation  the  blood   count   showed 


4,270,000  r.  b.  c.  per  omm.  of  blood.   The  number  then 
decreased  gradually  until  the  23d  day  when  it  was  found 
to  be  3,800,000,  a  loss  of  almost  a  million.  On  the 
25th  day  the  blood  count  began  to  increase  and  kept  on 
increasing  as  Table  1  indicates. 

At  the  height  of  the  infection  the  bird  had  severe 
chills,  showed  rapid  respirations,  ruffled  its  feathers 
and  spent  the  day  at  the  bottom  of  the  cage.  On  the  fol- 
lowing day  there  were  no  noticeable  sjrmptoms  of  sickness. 

(2j  Bird  19.   As  Table  2  and  Figure  2  indicate 
parasites  were  first  demonstrated  on  the  12th  day   after 
injection.  On  the  15th  day  they  increased  to  16,000  per 
cram,  of  blood,  then  fell  to  11,060  and  during  the  18th 
and  19th  days  the  infection  became  quite  acute,  showing 
a  parasite  count  of  28,000,  whereupon  the  bird  succvunbed. 

The  red  blood  count  on  the  day  of  injection  was 
5,200,000  per  cmm.   On  the  7th  day  it  was  found  to  be 
4,800,000  and  continued  to  decline  until  the  death  of  the 
animal,  with  the  exception  of  a  slight  rise  on  the  16th 
day  when  the  organisms  were  in  smaller  numbers. 

The  bird  was  very  sick  for  eight  days.  It  refused 
food,  had  chills  now  and  then  and  kept  to  the  bottom  of  the 
cage. 
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(3)  Bird   10.      The   incubation  period    in  this   bird 
lasted   14   days   as  Table  3   and   Figure   3   indicate.      The 
parasites   increased   slightly   in  numbers   during  the   first 
five  days   and  then  rapidly   increased  until  the  22d   day 
when  they  wore  as   numerous   as   34,000  per   cmm.    of  blood. 
The   decline  was   more  gradual  than  the   rise.      On  the   13th 
day  after  the  beginning  of  the  infection  the  bird  died. 
(By  the  beginning  of  the  infection  is  meant  the  first  day 
on  which  the  parasites  are  found  in  the  blood.-' 

The  blood  coxint  at  the  beginning  of  the  experi- 
ment was  4,765,000,    dropped  to  2,600,000  at  the  height  of 
the  infection  and  returned  to  4,200,000  before  death  oc- 
curred. 

(4)  Bird   1   showed  an  infection  similar  to  that 
of  Bird   9  sind  the  data  are  therefore  omitted  here. 

Discussion.      In  the  birds  that  have   infections 
of  tjrpe   1,  there  is  a  sharp  emd  acute  rise   in  the  number 
of  parasites  within  the  very  short  period  of  from  1  to   5 
days.      The  number  may  rise  as  high  as  fifty-five  thousand 
per   cmm.    of  blood   and  remains   stationary  at   that   numerical 
value   for   just   a  few  days.      The   fall   in  the  number  of  or- 
ganisms   is   as   a  rule  slightly  more   gradual  but  even  so   it 
may  be   considered   rapid.      B  9   (Fig.    1)  which   is  tynical  of 
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this  type  of  infection  shows  that  within  one  day  the 
parasites  jumped  to  a  peak  of  about  18,000.   On  the 
fourth  day  the  count  was  as  low  as  3000  per  cinm,  of 
blood  and  continued  to  fall  until  after  a  few  more  days 
it  was  difficult  to  demonstrate  more  than  one  or  two 
parasites  in  a  15  minute  search. 

Coincident  with  the  rise  in  the  peurasites  there 
is  a  simultaneous  fall  in  the  number  of  erythroc^/tes. 
But  even  before  this,  an  exceedingly  interesting  and 
suggestive  thing  happens.  Before  it  is  possible  to  de- 
tect the  parasites  in  the  blood  films,  there  is  a  notice- 
able decrease  in  the  number  of  erythrocytes  per  cmm.  of 
blood.   This  occurred  in  every  bird  that  has  been  studied. 
On  about  the  fifth  or  sixth  day  there  is  observed  a  loss 
of  about  half  a  million  red  cells  and  this  loss  continues 
with  a  more  or  less  definite  acceleration.   As  soon  as  the 
parasites  are  first  detected  there  is  a  sudden  fall  in  the 
blood  count,  a  fall  to  sometimes  2  million  cells  and  very 
often  even  lower  than  that.  Then,  when  the  infection  sub- 
sides rapidly  and  promptly  there  occurs  a  restoration  in 
the  n\imber  of  the  red  cells  and  that  restoration  continues 
with  a  conspicuous  acceleration  until  the  number  becomes 
quite  in  excess  of  the  normal  blood  count.   This  phenomenon 
has  been  described  by  various  authors  to  occur  in  human 
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post-malarial  cases  and  also  in  hookworm  disease.   It 
is  an  indication  of  a  hyperactivity  on  the  part  of  the 
hematopoietic  organs  which  were  originally  stimulated 
to  excess  work  by  the  destruction  of  er:"rthroc;"^es.   In 
the  case  of  birds,  the  marrow,  which  is  the  only  blood 
manufacturing  organ,  continues  to  produce  large  numbers 
of  red  cells,  even  though  the  destruction  of  red  cells 
has  ceased.   Such  a  conspicuous  excess  in  the  red  cells 
lasted  a  little  over  six  months  in  two  birds  (Bird  9  smd 
Bird  5),   This  interesting  reaction  might  also  suggest 
"that  psurasites  present  in  relatively  low  numbers  either 
in  the  internal  organs  or  in  the  perioheral  circulation 
act  as  a  stimulant.  However,  this  is  merely  a  specula- 
tion. 

The  fact  that  the  blood  count  invariably  falls 
a  number  of  days  (5-10)  before  it  is  possible  to  demonstrate 
the  parasites  in  the  blood  films  strongly  suggests  that 
multiplication  goes  on  causing  a  considerable  and  notice- 
able destruction  of  the  red  cells.   It  is  quite  evident 
that  the  parasites  must  reach  a  certain  numerical  value 
before  they  become  demonstrable,  no  matter  how  careful  and 
how  patient  the  search  might  be.   More  efficient  methods 
for  the  detection  of  parasites  when  the  infection  is  ex- 
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treraely  low  are  still  to  be  devised.   By  means  of  Ross  s 
method  of  thick  blood  films  it  is  possible  to  get  a  much 
higher  percentage  of  positives  than  by  the  usual  method 
of  thin  films.   Unfortunately  this  method  cannot  be  em- 
ployed in  the  study  of  bird  malaria  for  one  must  bear  in 
mind  that  here  the  red  cells  are  nucleated.   The  nuclei 
are  not  dehaemoglobinited  in  the  process  and  are  collected 
in  large  masses  which  completely  obscure  the  picture. 

A  mere  glance  at  Figures  1,  2  and  3  will  show  that 
the  number  of  parasites  increased  vary  conspicuously  a  day 
or  so  after  they  were  first  demonstrable  in  the  outer  cir- 
culation.  Just  what  stimulates  this  reaction  the  writer 
is  not  ready  to  state  but  undoubtedly  it  is  very  important 
from  the  immunological  standpoint.   Of  similar  interest  is 
the  very  great  and  sudden  drop  in  the  number  of  parasites 
a  day  or  so  after  they  have  reached  the  high  peak.   Is  this 
sudden  decline  in  the  number  of  parasites  due  to  some  pro- 
tective mechanism  on  the  part  of  the  host  or  does  it  signify 
that  sporul&tion  has  suddenly  been  arrested? 

The  rapid  decrease  in  the  niimber  of  parasites  per 
cmm.  of  blood  indicates  that  some  condition  unfavorable  to 
the  parasites  has  arisen  in  the  blood  of  the  bird.   Evidence 
for  such  a  statement  will  be  broupiht  forth  in  a  paper  that 
is  to  appear  at  a  later  date,  in  which  a  statistical  analysis 
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of  the  coeffioients  of  variation  according  to  the  method 
of  Taliaferro  and  Taliaferro  (1922 J  for  differentiating 
the  effects  of  resisteince,  seems  to  designate  that  the 
sharp  decline  in  the  number  of  the  parasites  can  only  be 
explained  by  the  assumption  that  some  factor  has  killed 
large  numbers  of  them.   These  analyses  show  that  such  a 
phenomenon  cannot  be  explained  by  the  assiomption  of  a 
retardation  in  the  rate  of  reproduction.   Even  if  complete 
inhibition  of  the  reproduction  of  the  parasites  had  oc- 
curred, the  number  of  parasites  would  have  remained  con- 
stant, provided  they  were  not  destroyed. 

In  speaking  of  the  unfavorable  condition  for  the 
parasites  that  has  arisen  in  the  host  special  meeming  is 
here  attached  to  phagocytosis.  The  following  table  shows 
that  with  the  increase  in  the  number  of  organisms  there  is 
a  corresponding  preponderance  in  the  number  of  large  mono- 
nuclear leucocytes. 


u. 


Bird   U 


Dec. 15     Dec. 22      Dec. 27      roc. 28     Jan. 2      Jan. 3     Jan. 5     Jan.( 


Large  mono- 
nuclear 
leucocytes  61/o  64j5  52?J  52f.         74/o     77.5°/o         78^       lOfo 

Lymphocytes        31.5%  20?'.  30f.  Z2%         ll/o     13.5fo  15/,       20f/o 

Pseudo- 

polymorphs  4%  Wc       14.5%        14.5%     12.5%  9%  5%         7% 

Tlosinophiles  —  —  —  —  —  .9%         —  2% 

Mast   cells  3.5%  4%         3.5%  1.5%       2.5%  .9%  2%  1% 

Parasites 

per   cnm.  one         4,900  —  1,908  21,105   13,345   17,855  4,230 


The  predominating  leucoc^/te   in  the  circulation  of  normal  tirds 
is  the   lymphocyte.      It   is   found   in  from  50-60%  of  the  total  absolute 
count.     The   large  mononuclear  cells,   however,   are   in  smaller  numbers 
in  clean  birds  but   in  infected  birds  they  are  found   in  excess   and  are 
observed  to   fluctuate  v/ith  the  fluctuations  of  the  parasites.      In  some 
infections   simultaneous  v;ith  the   pyrexial   peak  their   percentage  was 
as  high  as   78. 

It    is  only  infrequently  that  actual  phagocytosis  of  para- 
sites by  the  mononuclear   leucocytes   is   actually  observed   in  the 
peripheral   circulation.      Only  in  one  bird   (b   10)    (i'late   III,    fig.    1) 
was    it   possible  to  observe  a  marked   and   active  phapoci'/tcsis. 
Stainod  blood   smears   of  that  bird   show  a   considerable  number   of 
mononuclear   cells  to  which  parasites   or   debris   of  parasites    are 
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attached.   Of  the  twenty-three  cases  studied  this  was 
the  only  one  in  which  such  conspicuous  phagocytosis  was 
directly  observed.  However,  this  is  not  surprising  be- 
cause the  destruction  of  protozoa  by  white  blood  cells 
as  reported  in  the  literature  is  an  extremely  rapid  pro- 
cess and  can  only  rarely  be  caught. 

Even  though  actual  phagocytosis  is  not  always 
demonstrable  in  the  blood,  the  reaction  in  the  mononu- 
clear count  suggests  that  those  cells  mip;ht  have  some- 
thing to  do  with  the  sudden  decrease  in  the  nximber  of 
parasites.   This  would  signify  furthermore  that  the  op- 
somic  index  has  jumped  up  too.  The  writer  csm  only  go 
as  far  as  to  assume  that  such  might  be  the  case.   The 
present  belief  is  that  phagocytosis  is  largely  responsible 
for  the  decline  in  the  parasite  count,  yet  other  factors 
may  also  be  involved  in  the  process. 

This  reaction  in  the  mononuclear  count  has  been 
described  by  Thomson  (l912)  and  Darling  (l909j  in  the  case 
of  hvnnan  malaria.   Their  results  were  based  on  a  large  num- 
ber of  cases  but  even  though  few  figures  have  been  presented 
here,  it  is  quite  interesting  to  note  an  analogy  between 
such  a  phenomenon  in  birds  and  that  in  human  beings. 

The  question  might  be  raised  as  to  what  evidence 
there  is  that  the  parasites  do  not  simply  migrate  to  the 
tissues? 
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If  that  were  true  the  number  of  the  parasites  in 
the  tissues  would  increase  tremendously  whenever  the  ninn- 
ber  in  the  blood  decreased.   The  writer  Vias  failed  to  find 
such  a  condition.   In  fact  the  results  presented  in  the 
second  part  of  this  work  clearly  indicate  that  as  the  para- 
sites increase  in  the  blood  they  also  increase  in  the  tissues 
and  vice  versa,  when  they  decrease  in  the  blood  they  also 
decrease  in  the  tissues. 

The  infection  in  Bird  19  CPigtire  Z)   was  also  of 
the  acute  primary  type.   In  this  case  there  was  a  slight 
variation.  On  the  15-17  days  there  was  a  slight  fall  in 
the  parasite  count  and  an  attempt  of  regeneration  in  the 
red  blood  cells.  This  cannot  be  explained  as  due  to  ex- 
perimental errors  in  technique  since  the  change  was  noticed 
after  two  repeated  examinations.   It  probably  was  due  to  a 
sporadic  increase  in  the  protective  mechanism  of  the  animal. 
Immediately  after  this  the  organisms  reached  the  very  high 
number  of  20,000  per  cmm.  of  blood.   The  bird  then  succumbed 
to  the  infection. 

It  was  observed  in  this  bird,  and  in  two  previous 
birds  with  acute  infections  of  a  parallel  nature,  that  only 
the  normoblasts  were  parasitized.   Most  of  them  contained 
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as  many  as  3  or  4  tronhosoites.  The  old  red  cells  which 
were  in  small  proportion  being  practically  free  from  the 
invasion. 

This  interesting  picture  suggests  one  or  two 
things.   First  that  sporulation  at  a  mazimum  speed  goes 
on  in  the  bone  marrow  and  that  the  freshly  produced  red 
cells  are  being  attacked  as  soon  as  they  are  produced  and 
are  thence  discharged  into  the  circulation.   Second,  that 
the  parasites  take  the  route  of  least  resistance  since  the 
normoblasts  evidently  have  a  more  delicate  membrane  than 
the  erythrocytes  and  hence  are  more  easily  penetrated. 

The  results  of  studies  of  bone  marrow  taken  from 
birds  that  died  or  were  sacrificed  at  that  stage  of  the  in- 
fection are  compatible  with  the  first  belief.   This  point 
will  be  taken  up  further  on  in  the  studies  of  tissues. 

2.  Type  2.  Extended  Irregular  Infections. 

Sixteen  birds  exhibited  an  infection  of  that  nature. 

(l)  Bird  4  (Table  4,  Figure  4)  showed  an  incubation 
period  of  14  days.  On  the  first  day  of  the  infection  8,000 
parasites  were  present  per  cmm.   The  infection  increased 
gradually  and  steadily  until  the  31st  day  when  the  count  was 
as  high  as  55,000.   A  sudden  drop  then  occurred  within  the 
next  two  days,  to  5,000.   As  figure  3  and  table  3  show,  there 
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•was  a  second  and  minor  increase  on  the  37th  day  and  a 
third  but  conspicuous  increase  on  the  41st  day.   The 
infection  completely  subsided  on  the  46th  day. 

The  normal  blood  count  was  5,000,000.   On  the 
day  the  parasites  first  appeared  in  the  blood  it  had 
fallen  to  4,050,000  and  continued  to  decrease  to  about 
3,000,000  and  remained  in  the  vicinity  of  that  figure 
for  9  days  whereupon  there  occurred  a  rise  to  4,000,000. 
With  the  subsequent  two  peaks  in  the  parasite  count  there 
occurred  corresponding  drops  in  the  blood  count  and  ulti- 
mately at  the  end  of  the  infection  the  red  blood  corpuscles 
increased  to  5,250,000.   The  bird  showed  symptoms  of  sick- 
ness on  the  30th  day  after  the  experiment  was  begun  and 
remained  so  with  varying  fluctuations  for  about  9  days  and 
then  apparently  recovered. 

(2^  Birds  6  and  13  showed  infections  of  a  nature 
parallel  to  that  of  Bird  4.  Parasites  were  found  in  the 
blood  in  abundance  for  nearly  two  months  and  fluctuations 
occurred  similar  to  those  described  above. 

(3)  Bird  3  (Fig.  5,  table  5j  had  an  infection  of  a 
severity  less  than  that  in  Bird  4.   The  incubation  period  was 
relatively  shorter,  lasting  12  days  instead  of  14.  Here  there 
occurred  a  primary  rise  to  15,000  organisms  within  one  day. 
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followed  by  a  drop  to   6,000  and   a  subsequent    increase  to 
31,000.      Slight   fluctuations   lasted   for  7  days   following 
this   secondary  rise  and  then  the  infection  promptly  multi- 
plied   itself  to   52,000  parasites   per   cmm.   whereupon  the 
bird   succumbed. 

Six  days  after  the  experiment  was  begun  the  blood 
count  showed   a  decrease   from  5,000,000  to  4,450,000  red 
cells  per  cmm.      This  continued  to  decrease  to  2,900,000 
when  there  was   a  corresponding  rise   in  the   numbers   of  para- 
sites.     Fluctuations   in  the  blood   count   lasted  for   17  days 
until  the  death  of  the  animal  as   Figure  4  and  table  4   indi- 
cate. 

The  bird  was  very  sick  for  4  days,    and  the  infection 
then  proved  to  be  fatal. 

(4)  Bird   7  had   an   infection  of  the   same   character 

as  bird   3  with  the  exceptions  that   the   primary  rise  was   some- 
what higher,    i.e.,  to  19,000  parasites  and  the   last  peak  was 
considerably  lower,  that   is,  the  largest  number  of  parasites 
found  was   32,000  per   cmm.      The  bird   survived  the   infection 
and   showed  no   relapses. 

(5)  Bird   17   as    figure   6   and  table   6   indicate,    had 

a  still   milder   infection  than  the   first  two  tynical    infections 
that   have  been  described   above.      The  parasites  were   first   seen 
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on  the  14th  day  after  in,jection.  There  was  a  mild  primary 
rise  to  approximately  6,000,  followed  by  a  decline  to  al- 
most zero  and  a  subsequent  increase  to  21,000.   Within  8 
days  after  this  rise  the  infection  had  almost  subsided 
and  21  days  after  the  beginning  of  the  infection  no  or- 
ganisms were  to  be  found.   Five  days  later  the  bird  had 
a  relatively  severe  relapse  which  lasted  for  two  days. 

The  normal  blood  count  was  4,750,000  and  a  notice- 
able decrease  was  seen  on  the  8th  day  after  the  in.jection. 
On  the  14th  day  the  count  was  very  close  to  4,000,000  which 
kept  decreasing  to  2,500,000  and  then  gradually  increased 
to  an  excess  of  a  little  over  half  million  of  the  original 
blood  count. 

No  severe  symptoms  of  sickness  were  noticed  at 
any  stage  of  the  infection, 

(6^  Birds  18  and  21  had  infections  lasting  for  about 
23  days  and  showing  fluctuations  in  the  blood  count  and  para- 
sitic count  of  a  similar  nature  to  the  one  described  above. 

(7)  Birds  14,  as  Figure  7  and  Table  7  show,  had  an 
incubation  period  of  12  days  and  the  infection,  even  though 
mild,  lasted  for  19  days.  On  the  12th  day  after  injection, 
2,064  parasites  were  demonstrated  in  the  blood.   There  was  a 
rapid  increase  to  10,500  within  two  days  and  then  a  drop  to 
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4,100  which  was  followed  bv  a  secondary  rise  to  8,190 
organisms.   The  infection  subsided  completely  7  days 
later.   For  a  period  of  31  days  no  peu-asites  were  de- 
tectable on  the  daily  examinations  of  smears  but  on  the 
31st  day  parasites  reappeared  for  3  days. 

There  was  a  tremendous  anaemia  in  spite  of  the 
fact  that  the  infection  was  relatively  mild.  The  normal 
blood  count  was  5,200,000  per  cmm.  and  subsequently  fell 
to  2,160,000.  Just  before  the  relapse  the  red  cells  had 
risen  again  to  5,200,000  and  then  fell  again  at  the  time 
of  the  relapse  (.Fig.  9). 

The  bird  was  very  sick  on  the  4th  day  of  the  in- 
fection, that  is,  on  the  4th  day  sifter  the  parasites  first 
appesired  in  the  blood.   It  shortly  recovered  and  did  not 
show  any  more  symptoms  for  the  remaining  days  of  the  in- 
fection. 

(8)  With  the  exception  of  very  slight  variations 
other  birds  had  irregular  extended  infections  similar  to 
that  in  Bird  14.  The  p«u"asites  were  demonstrable  in  the 
blood  for  a  period  of  a  month.  They  never  increased  to 
over  11,000  per  cmm.  and  showed  fluctuations  of  the  same 
character.  Extreme  anaemia  occurred  in  all  of  then,  but 
such  anaemia  only  lasted  for  a  couple  of  days  and  regenera- 
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tion  in  the  blood  occurred  with  the  same  promptitude 
and  regularity  as  described  above. 

Those  birds  bore  the  following  numbers:  2,   11, 
12,  16,  25,  22,  8. 

Discuss  ion.   To  this  group  belongs  the  greatest 
percentage  of  infections.   They  are  characterized  by  a 
relatively  long  duration  and  by  fluctuations  of  various 
degrees.   In  these  infections  just  as  in  those  belonging 
to  the  first  group  a  drop  invariably  occurs  in  the  blood 
count  before  the  infection  becomes  apparent  and  then  an 
increase  to  excess  in  the  red  blood  count  after  the  in- 
fection has  subsided.  Having  already  discussed  these 
phenomena  it  will  not  be  necessary  to  consider  them  again. 

A  mere  glance  at  Figures  3,  4,  14,  sind  17  will 
clegurly  show  that  tremendous  fluctuations  and  ranges  in 
the  severity  of  the  malady  exist  in  the  extended  irregular 
type  of  infection.   In  the  literature  reference  is  made  to 
chronic  infections  in  bird-malaria.  One  usually  thinks  of 
a  chronic  condition  as  one  of  a  very  slow,  relatively  mild, 
and  extended  duration.   It  does  not  seem  quite  plausible, 
however,  to  call  the  ex+,ended  infections  in  birds  "chronic" 
since  at  times  they  become  exceedingly  aggravated  and  acute, 

In  most  infections  of  t>ii3  group  the  initial  rise 
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is  more  gradual  smd  covers  a  longer  period  of  days. 
The  falls,  however,  may  be,  and  usually  are.  Just  as 
sudden  and  as  great  as  those  of  acute  infections.   Co- 
incident with  the  fluctuations  in  the  numbers  of  para- 
sites occur  similar  changes  in  the  blood  picture.   In- 
stead of  having  a  prompt  fall  followed  by  a  rise  in 
the  blood  as  is  the  case  in  the  acute  infection  here 
there  are  a  number  of  rises  suid  falls,  some  more  con- 
spicuous than  the  others. 

Bird  4  1,  Figure  4)  had  a  very  severe  infection 
"at  the  height  of  which  55,000  organisms  were  counted  per 
cmm.  of  blood  but  the  loss  in  the  red  blood  cells  was 
not  so  serious  as  one  might  have  expected.   The  blood 
picture  shows  that  throughoxit  the  malady  no  severe  anaemia 
occurred.   This  is  quite  striking  and  would  indicate  that 
in  spite  of  the  repeated  increases  in  the  number  of  para- 
sites the  host  resisted  the  infection  and  severe  injuries 
did  not  develop.   Another  interesting  thing  in  this  and  the 
similar  cases  is  that  the  animal  was  practically  altogether 
refractory  to  symptoms  of  illness. 

At  each  peak  is  found  a  large  percentage  of  tropho- 
zoites and  segmenters.  What  the  aetiology  of  such  an  occur- 
rence is  the  writer  cannot  state,  but  one  thing  is  quite 
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clear  and  that  is  that  such  sporulation  has  no  rep:ularity 
whatsoever.   In  the  statistical  analyses  of  the  infections 
which  will  be  published  at  a  future  date  there  is  no  indi- 
cation of  a  periodicity  in  sporulation. 

In  Bird  3  i. Figure  5)  the  fluctuation  was  even 
greater  than  in  Bird  4.   Kour  rises  occurred  and  at  the 
4th  one  the  bird  died.  v;e  undoubtedly  have  to  do  here 
with  a  difference  in  the  resistance  on  the  part  of  the  host. 
Unlike  Bird  4,  Bird  3  suffered  from  a  considerable  anaemia 
{Z   million  per  cmm. )  and  even  though  attempts  of  regenera- 
tion of  red  cells  were  noticeable,  the  protective  mechanism 
of  the  bird  was  a  failure. 

In  Bird  14  on  the  other  hand,  the  infection  was 
much  milder,  the  highest  peak  representing  a  value  of  a 
little  over  10,000  per  cmm.  of  blood,  but  despite  this  the 
destruction  of  red  blood  cells  was  considerable.   For  two 
days  the  blood  count  was  as  low  as  2  million  smd  yet  there 
were  relatively  few  parasites  in  the  blood.  The  only  ex- 
plsmation  that  can  be  offered  for  such  a  phenomenon  is  that 
probably  the  infection  is  in  excess  in  the  bone  marrow  over 
that  in  the  peripheral  circulation  setting  up  a  condition 
there  which  hampers  or  delays  due  regeneration  of  the  red 
clood  cells. 


25. 

3.   Type   5.      Benign   Infections. 

U)   Bird  15   (Table  8  and   Figure  9)    showed 
parasitaa   on  the   13th  day  after   injection.      Within  one 
day  the   parasites   increased   from  1,276  to  4,200  per  cram. 
of  blood  and   three  days   later  none   are   demonstrable. 

The  blood   count  decreased   from  4,950,000  to 
4,000,000  and  then  gradually  rose  to   normal   and  supernormal. 

The  bird  was   perfectly  well  throughout   the  four 
days  of  infection. 

(2)   Bird  20  (Table  9  and  Figure  9)   had  an  infection 
of  a  milder  nature  as   far  as  the  number  of  organisms   is   con- 
cerned but  tie  malady  was  much  more  severe   and  of  a   longer 
duration  than  the  above  case.      Parasites  were  first  seen  on 
the  9th   day  and  then  within  the   follov/ing  nine  days   gradually 
increased   from  1,804  to  3,000  per  oraai.   of  blood.     Un  the  18th 
day  of  the  infection  parasites  were  no  more  visible  in  the 
blood   saears. 

The   destruction  of  blood   in  this   bird  was   consider- 
able,  however.      From  5,500,000   it   dropped  to  2,500,000  just 
a  few  days   after   the   infection  began.      There  occurred   due 
regeneration,   however,  within  the  following  days. 

The  bird  was  quite  sick  on  the  second  day  of  the 
infection  and   continuod  to  show  symptoms   of   illness   for   five 
days . 


(3)  Bird  5  showed  organisms  on  the  10th  day 
after  infection  and  on  the  follov/ing  day  there  were 
none  to  be  found.  Continuous  blood  examinations  were 
made  but  no  parasites  were  detectable. 

The  blood  showed  a  very  insignificant  reduction 
in  red  blood  cells  and  tho  bird  was  apparently  well. 

Discussion.   A  glance  at  Figures  6  and  7  leads 
to  the  conclusion  that  these  infections  were  exceedingly 
mild.   The  general  nature  of  such  infections  reminds  one 
of  the  similar  conditions  in  some  h\iman  malarial  cases. 
"Such  people  are  able  to  go  about  their  daily  work  and  are 
not  subject  to  any  discomfort  and  hence  are  known  as 
"ambulatory  cases." 

Just  why  birds,  who  receive  the  us\ial  dose  of 
infected  blood,  do  not  develop  fairly  severe  infections 
it  is  impossible  to  state.   Again  it  is  necessary  to  take 
the  protective  mechanism  of  the  host  into  consideration. 
It  would  appear  that  partial  immunity  is  responsible  for 
such  mild  infections.   Five  birds  did  not  develop  the  disease 
at  all  showing  that  they  were  completely  and  adequately  pro- 
tected.  The  whole  matter  seems  to  be  an  interesting  im- 
munological problem. 

4.  General  Observations. 

( 1 )    Stages  in  the  life  cycle  of  parasites  found 
in  the  blood.   In  all  the  various  types  of  infection,  from 
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the  early  days  of  the  infection  all  stages  of  development 
in  the  life  cycle  of  Proteosoma  csun  be  seen  in  the  blood. 
However,  one  stage  predominates  at  all  times  dtiring  the 
course  of  the  infection.  At  the  very  beginning,  although 
trophozoites  and  gametooytes  are  found,  the  predominating 
stage  is  the  well  formed  schizont.   At  the  height  of  the 
infection  and  by  that  is  meant  any  one  of  the  peaks,  whether 
it  be  the  acute  or  extended  type,  the  percentage  of  young 
trophozoites  is  the  highest,  varying  from  70  -  85.  V/hen 
the  infection  is  on  the  decline  and  verge  of  subsiding  one 
"mostly  finds  gsimetocytes  but  also  schisonts  in  fairly  large 
numbers.  The  fact  that  gametocytes  in  hximan  malaria  are 
more  resistauit  than  the  other  stages  of  the  parasite  probably 
holds  true  in  bird  malaria  also. 

(2)  Variations  in  the  incubation  period.  As  the  data 
which  have  been  presented  indicate,  the  incubation  period  is 
not  of  the  same  duration  in  all  of  the  birds.   An  occurrence 
of  that  nature  suggests  two  causes,  firstly,  that  the  doses 
of  infected  blood  injected,  contained  varying  numbers  of 
organisms,  and  secondly,  that  some  birds  display  a  greater 
degree  of  immunity  than  others.   The  writer  is  inclined  to 
believe  that  the  latter  factor  is  the  more  important  of  the 
two.   Some  birds  that  were  injected  with  sparsely  parasitized 
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blood  developed  a  most   severe  infection.     On  the  other 
hand,    other  birds   received  heavily   infected  blood   and 
developed  a  very  mild   infection  or  none  at   all.    All  this 
would   indicate  that   the  host   either  resists  the  multi- 
plication of  parasites   shortly  after   injection   or   fails 
to  do   30,   thus   causing  a  much  shorter   incubation  period. 
Dr.   'JVhitmore  believes  that  the  stage  of  the  parasite 
inoculated  has   something  to  do  with  the  length  of  incu- 
bation.     V/hen  segmenting  parasites   free  from  red   cells 
are  injected  they  can  be  easily  attacked  by  phagoc;\rtes 
while  on  the  other  hand  well   formed   intracellular  organ- 
isms have   a  better   chance  to   survive. 

(3)    Fluctuation  in  temperature.     Temperature  read- 
ings were  made  on  a  number  of  birds   as  often  as   15  times 
a  day.      In  order  to   get   a  fair   average   five  readings  were 
made   at   short   intervals  of  a  few  minutes   and  this   was  re- 
peated throe  times.      It  was   found  that  no  curves  of  ajiy 
significance  whatsoever  could  be  shown  from  the  readings. 
Fluctuations  were  groat  within  a  minute  or  so   indicating 
that  the   bird    is   of  a  highly  sensitive  and  emotional  natvire. 
For   example,   the  temperature  readings   of  B  4  on  May  5  are 
as   follows:      9.30  A.   M. ,    105. 1'^   F. ;      9.32,    108.2°    F. ; 
9.34,    104.4°   F. ;    1.00  P.    M. ,    lOS"    F. ;      1.02,    106.2°    F. ; 
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4,05,  106  F.   These  readings  were  taken  before  the 
parasites  appeared  in  the  blood  and  several  days  later 
when  the  infection  was  quite  active  the  same  kind  of 
variations  were  obtained. 

The  Sergent  brothers  (l918j  obtained  the  sajoe 
fluctuations  and  conclude  that  the  temperature  has  no 
relationship  with  the  course  of  the  infection. 

(4)  Changes  in  the  Blood.   The  most  conspi- 
cuous changes  in  the  blood  picture  besides  anaemia  and 
the  mononuclear  reaction  already  described,  are  (l)  a 
■great  increase  in  the  normoblasts  which  varies  according 
to  the  severity  of  the  disease,  (2)  endoglobular  degenera- 
tion of  erythrocytes,  and  (3)  poSkilocytosis  of  varied  de- 
grees. 

(The  summary  will  be  found  on  pai^e  56  ). 
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Part   II.      Hiatoln/Tical  and   Pathological   Studies   of 
Infected   Birds 

Introduction.      As  early  as    1889  Danilewslr/ 
in  his    "Parasitoloffie  Comparee  du  Sang"  writes  of  the 
changes   in  the  haematopoitio  organs  of  birds   infected 
with  haemocytozoa  and   describes  the  macrophages  which 
contain   considerable  quantities   of  pi.^ent   and   debris 
of  parasites.      Kruse   in  the   same  year  speaks   of  the  en- 
larged and  blackened  spleen  in  infected  birds  and  of  the 
pigment   enclosed   in   large  cells    in  the  capillaries  of 
the  spleen,    liver,    lung,    and  bone-narrow. 

Labbe   in  1884  draws  attention  in  a  general  way 
to   the   gross   changes   in  the  organs   of   infected  birds   and 
MacCall'Jun  in  1898  working  on  a  large  number  of  infected 
birds  describes  in  great  detail  the  anatomo-patholozical 
changes   in  the  organisms  of  birds   infected  with  Halteridium. 

No   data  are   available   in  the   literature  regarding 
the  conditions  of  and  findings   in  organs  between  relapses 
when  there   is  no  evidence  of  blood  infection. 

Problem.      Investigations  have  been  undertaken  to 
determine   (ij  the  specific  location  of  peirasites  during  the 
peripheral   infection  and   at  varying  apyretic   intervals  be- 
tween relapses,    (2)   the  stages   of  the   life   cycle  of   the   or- 
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ganis^is   during  these  neriods   and    (3)   the  condition  of 
the  internal  organs. 

Sinoe   it  was   found  durinf^  the  co'arse   of  the 
work  that  the   spleen  and   bone  marrow  exhibit   the  most 
interesting  and  iiost    important   changes,   the  other  or- 
gans will  only  be  mentioned  briefly. 

Material.      The  material  was  obtained  from 
birds  that  were   sacrificed   at  desired  points  of  the   in- 
fection and  at  varying  stages  of  the  apyrexial  period, 
and   from  birds  that   died   accidentally   or   fell  victims 
"to  the  malady. 

Tissue  smears  of  the  spleen,   bone-manrow,    liver, 
kidney  and  brain  were  made  at  autopsy  and  material  was 
also  fixed  for  the  purpose  of  making  sections. 

Methods.      Various   fixative   agents  were   given  a 
trial  such  as  Zenker's,   Bouin's,    and  Schaudinns   solutions. 
Zenker's  was  foxmd  to  be  the  most   satisfactory  for  this 
particular  work  and  hence  was  resorted  to. 

Among  the   stains  tried  out  were  the   following, 
Wolbach's   modification  of  Giemsa,    Iron  Haematoxylin,    Mann's 
stain  and    Phosphotungstic.      Giemsa  and   Phosphotungstic   stains 
gave   good   results   and  were  both  used,   biit  the   former  was  used 
more  frequently  and   more   liberally. 
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Technique  for  smear  preparation.   A  small  bit  of 
the  tissue  was  thoroughly  teased  out  in  a  tiny  drop  of 
saline  and  of  this  mixture  smears  were  made  upon  slides. 
The  preparations  were  dried  in  the  air  and  fixed  in  absolute 
methyl  alcohol  for  5  minutes  after  which  the  excess  alcohol 
was  removed  with  filter  paper.   The  slides  were  then  flooded 
with  freshly  diluted  Giemsa  stain  for  one  hour  and  then 
washed  in  a  stream  of  water.  The  stain  was  prepared  ac- 
cording to  directions  given  in  Mallory  and  V/right's 
"Patholo  p  ical  Technique . " 

Histological  Teehmique  for  Sections.   Small  sections 
of  about  2  mm,  were  fixed  in  Zenker's  fluid  saturated  with 
corrosive  sublimate.  The  material  was  dehydrated  in  the 
graded  alcohols  and  in  xylol,  embedded,  and  sections  were 
then  cut  3  microns  thick.  The  s lides  were  treated  in  the 
usual  way  first  in  xylol,  then  followed  bv  the  graded  alco- 
hols.  The  extra  steps  taken  were  as  follows:  (l^  In  order 
to  remove  the  corrosive  sublimate  crystals  deposited  in  the 
tissues  the  sections  were  treated  with  Lugol's  solution  and 
then  washed  in  95:^  alcohol  to  remove  the  yellow  color.   (2) 
After  rinsing  in  distilled  water  the  sections  were  placed  for 
10  minutes  in  a  0,5  per  cent,  solution  of  sodium  hyposulphite 
to  remove  the  iodin  then  thoroughly  washed  in  running  water 
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followod  by  distilled  water.   The  slides  were  then  stained 
in  a  freshly  diluted  Giemsa  solution  from  12-24  hours. 
After  the  first  hour  the  staining  mixture  was  poured  off 
and  replaced  by  a  fresh  solution. 

Differentiation  was  carried  out  by  means  of  ace- 
tone and  xylol.  The  slides  were  finally  cleared  in  xylol 
and  mounted  in  balsam. 

The  formula  used  for  the  stain  was  as  follows: 

Atur  II  eosin         0,3  gm. 

Azur  II  0.8  gm. 

Glycerin  (Merck  s)     125  c.c. 

Methyl  alcohol  "       375  c.c. 

A  dilution  of  1  drop  to  1  c.c.  of  slightly  alkaline 
water  was  employed. 

Original  Investigation. 

1.  General.  As  has  been  stated  above  detailed 
pathological  studies  will  only  be  given  of  the  spleen  and 
bone  marrow  owing  to  the  fact  that  important  changes  were 
found  only  in  these  organs.   For  the  sake  of  comparison  as 
well  as  for  a  better  understanding  of  what  follows,  it  seems 
desirable  at  this  point  to  discuss  the  normal  anatomy  and 
histology  of  the  spleen  and  bone  marrow  of  birds  as  given  by 
previous  investigators. 
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Spleen.   Mhlar  (1805),  \Vhiting  (l896)  and  Mac- 
Callum  (1898)  have  given  detailed  accounts  of  the  structure 
of  the  spleen  of  birds.   It  has  been  noticed  by  them  that 
the  capsule  in  smaller  birds  possesses  no  trabecular  system; 
the  vessels,  however,  are  surrounded  by  a  certain  amount  of 
connective  tissue.   It  is  near  these  masses  of  connective 
tissue  that  the  pigment  is  especially  deposited.   At  the 
points  where  the  arterioles  branch  off,  bodies  of  lymphoid 
tissue  are  seen  and  they  are  separated  from  the  connective 
tissue  by  a  double  row  of  elongated  cells  which  are  the 
endothelial  cells. 

In  sections  of  normal  birds  the  above  mentioned 
authors  noted  that  the  pulp  proper  is  made  up  of  large 
cells  and  runs  in  bands.  These  pulp  bands  are  made  up  of 
wide  capillary  spaces  which  anastamose  freely  in  a  net-work 
of  large  DUlp  cells  with  ch  sir  act  eristic  nuclei  that  are 
either  round  or  oval  or  polyhedral.   These  cells  are  most 
closely  aggregated  at  the  margins  of  the  bands  of  pulp  and 
in  infected  birds  are  found  to  be  highly  phagocytic.   They 
form  the  boundaries  of  the  blood  spaces  and  are  essentially 
endothelial  in  nature. 

Bone-marrow.   In  1891  Biszozzero,  an  Italian  in- 
vestigator, pointed  out  for  the  first  time  that  unlike  the 
mammalian  bone  marrow,  in  birds  the  venous  capillaries  are 
lined  by  a  vory  delicate  nucleated  membrane.   He  and  his 
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collaborator  Torre  for  the  first  time  in  1880  described 
the  various  kinds  of  leucocytes  seen  in  the  msirrow  and 
general  circulation  of  birds.  They  found  that  the  venous 
capillaries  have  a  richer  supply  of  leucoc;/tes  than  the 
other  vessels.   The  type  of  leucocyte  that  predominates 
is  the  eosinophile.   The  disposition  of  the  veurious  elements 
within  the  vascular  lumen  is  very  definite.  The  fully  de- 
veloped red  blood  corpuscles  are  in  the  central  area  while 
the  erythroblasts  and  leucocytes  occupy  the  periphery  of 
the  vessel.   This  has  a  direct  bearing  on  the  haematopoitic 
"function  of  the  bone  meirrow,  showing  that  the  manufacturing 
of  blood  corpuscles  goes  on  at  the  periphery  of  the  venous 
capillaries  and  not  in  the  larger  vessels.   Besides  the 
vascular  network  of  the  bone-marrow,  a  part  that  is  less 
important  in  its  function  but  ,just  as  consnicuous  histologi- 
cally, is  the  parenchyma.   It  has  a  variable  quantity  of 
adipose  tissue  and  leucocytes.  The  fat  content  varies 
greatly  in  the  various  bones  and  in  various  birds.  As 
to  the  leucocytes,  one  sees  the  small  mononuclear,  the 
large  mononuclear  and  a  predomination  of  eosinophiles  with 
bright  granules  or  rodlets.  There  is  a  very  intimate  con- 
nection between  the  parenchyma  and  the  content  of  the  vessels 
owing  to  the  fine  membreme  of  the  capillaries. 
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2.   Conditions  foiind  in  the  tissues  of  birds  at 
a  maximum  infection.   Two  birds  were  sacrificed  at  this 
stage  for  the  purpose  of  study  and  a  third  bird  that  was 
used  died  as  a  result  of  the  malady. 

Spleen.   In  nornal  birds  the  spleen  is  of  a  bright 
red  color  and  measures  about  3  mm.  x   2  mm.  On  the  other  hand, 
the  infected  birds  showed  at  atrtopsy  a  black  spleen  of  a  max- 
imum size  of  15  mm.  x  5  mm. 

Tissue  sections. 

In  highly  parasitized  birds  it  was  observed  that 
the  endothelial  oella  which  form  the  boundaries  of  the  blood 
spaces  are  considerablj'  distended,  showing  large  clumps  of 
pigment  and  smaller  granules  of  pigment  of  a  much  brighter 
color.  Not  only  do  these  cells  contain  the  by  products  of 
the  parasites  and  destroyed  haemoglobin  but  also  debris  of 
red  blood  corpuscles  and  apparently  phagocytized  organisms. 

In  the  smaller  capillaries  many  parasitized  red 
blood  cells  are  seen  to  be  crowded  in  the  lumen  of  the  vessels 
thus  causing  them  to  apcear  much  more  voluminous  than  the  nor- 
mal capillaries.  Large  oliunps  of  pigment  are  conspicuously  aid 
widely  distributed  in  the  spaces  between  the  splenic  bands. 
Such  clvunps  have  no  particuleu-  shape  nor  form. 

Macrophages  are  seen  in  large  numbers  and  practically 
all  are  enfrcrged  with  pigment.   Two  distinct  varieties  of  pig- 
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ment  are  observed  just  as  is  the  case  in  human  malaria, 
i.e.,  the  dark  brown  pigment,  which  is  the  product  of  the 
metabolic  process  of  the  parasites,  and  the  light  brov/n 
pigment  which  is  produced  when  the  haemoglobin  is  set  free 
at  the  destruction  of  the  eryghrocytes. 

An   interesting  picture  that  was  uniformally  ob- 
served in  birds  autopsied  at  the  heig^^t  of  the  infection 
was  the  occurrence  of  a  large  mmber  of  mononuclear  cells. 
They  have  deeply  staining  nuclei  and  are  seen  within  the 
sinuses.   Such  an  increase  in  the  nono nuclear  cells  has 
ieen  described  by  Morris  (1907)  in  anaemic  rabbits.   Not 
only  is  such  a  condition  to  be  seen  in  the  spleen  but  is 
also  a  conspicuous  picture  in  the  blocd  as  has  already  been 
described  above.   These  cells  are  apparently  of  a  phagocytic 
nature  since  it  was  observed  that  many  of  them  contain  frag- 
ments of  red  blood  corpuscles,  pigment  and  degenerated  para- 
sites. 

Ovoid  or  round  cells  with  spindle  shaped  nuclei  which 
stain  very  brightly  with  Giemsa  are  most  niunerous  in  the  sec- 
tions.  They  are  the  mitotic  figures  of  red  blood  cells  in 
the  various  developmental  stages.  Their  great  ntmiber  indicates 
the  return  of  the  haeraatopoeitic  organs  to  embryonic  conditions 
due  to  the  excess  destruction  of  the  erythrocytes  by  the  parasites. 
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Besides  the  above  described  elements  tha^  were 
found  in  the  spleen  of  sick  birds,  numerous  round  or  ovoid 
small  boies  were  observed  either  free  in  the  splenic  pulp 
or  apparently  attached  to  mononuclear  cells.   These  bodies 
which  have  a  very  definite  membrane  and  are  made  up  of 
faintly  colored  material,  are  of  a  refractive  nature  and 
contain  one  or  two  larger  pigment  granules  and  a  few  smaller 
granules.   They  have  been  carefully  studied  after  various 
staining  methods  yet  alvmys  exhibit  more  or  less  the  same 
characteristics.  They  are  undoubtedly  too  small  to  be 
macrophages  and  eire  believed  to  be  young  extracellular  org- 
anisms. The  writer  was  not  at  first  convinced  that  these 
bodies  were  parasites  due  to  the  fact  that  they  were  observed 
in  the  pulp,  extracelluler,  or  attached  to  nononuclear  cells. 
But  a  study  of  smears  of  the  same  tissue  strongly  corroborated 
the  belief  and  led  to  an  ultimate  conclusion  that  these  small 
pigmented  bodies  are  young  parasites. 

Smears  of  spleen  tissue-  While  for  pathological  studies, 
tissue  sections  are  indispensable  the  writer  is  firmly  convinced 
that  morpholorrical  studies  of  the  organisms  should  be  basedupon 
results  from  tissue  smears.   In  smears,  one  instead  of  three  di- 
mensions are  involved  and  henceeach  individual  cell  stains  out 
remarkably  clear  and  the  parasites  asstune  the  proper  staining 
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colors  and  hence  cannot  be  mistaken  for  anything  else. 

In  the  smears  not  only  are  young  and  old  parasit- 
ized blood  corpuscles  present,  but  numerous  organisms  8ire 
seen  free.  Mature  shizonts  have  never  been  obseirved  to  be 
extracellular  while  trophozoites,  raerozoites  and  a  few 
gametocytes  have  invariably  been  observed  either  entirely 
free  or  attached  to  mononuclear  cells  (Plate  I,  figs.  1 
and  4). 

Small  clumps  of  pigment  were  observed  in  the 
smear  but  not  as  much  as  in  the  sections. 

Bone  marrow.  The  bone  marrow  was  obtained  from 
the  tibia  and  febula  as  well  as  from  the  larger  wing  bones. 

In  normal  birds  the  marrow  is  of  a  bright  pinkish 
yellow  or  grayish  pink  color  while  infected  birds  exhibit 
a  bone  marrow  of  a  grayish  red  color  and  frequently  when 
the  infection  is  very  severe  a  brownish  red  hue.   Bizzozero 
(1880)  Korn  (1881),  and  Denys  (l887j  report  similar  gross 
changes  in  birds  that  were  bled  experimentally.  The  disap- 
pearance of  the  normal  gray  is  due  to  the  atrophy  of  the 
fat  particles. 

Microscopic  exsonination  of  sections  of  such  material 
prove  that  there  is  a  considerable  decrease  in  the  adipose 
tissue  and  the  mitotic  figures  cf  leucocytes  and  erythrocytes 
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most  numerous.  On  the  other  hand  a  notable  dilatation 
occurs  in  the  venous  capillaries.   The  accumulation  of 
er3rthrob lasts  as  well  as  leucocytes  is  so  extensive  that 
the  lumen  of  these  vessels  is  practically  occluded.   Adult 
corpuscles  are  very  few  in  number  and  most  of  the  normo- 
blasts are  parasitized,  many  showing  a  double  and  triple 
infection.  Mitotic  figures  in  all  stages  of  development 
are  seen  and  their  chromatin  takes  on  a  bright  pink  color 
when  stained  with  Giemsa.   The  sections  invariably  reveal 
a  marked  hyperplastic  condition.  Non-f^anular  mononuclear 
cells  which  are  probably  myeloblasts  are  most  numerous  and 
to  many  of  these  cells  little  pigmented  bodies  are  attached 
just  as  in  the  case  of  infected  spleens.  Whether  these  para- 
sites are  in  the  process  of  being  phagocyted  or  are  en  route 
to  attack  other  red  cells  it  is  extremely  difficult  to  deter- 
mine. 

In  between  the  non  granular  mononuclear  cells  macro- 
phages containing  pigment  and  debris  of  parasites  were  observed. 

It  is  noted  that  in  birds  in  which  great  destruction 
of  red  blood  corpuscles  occurs  important  pathological  changes 
alter  the  normal  histology  of  the  marrow.  In  ^he  first  place, 
there  is  a  great  dilatation  of  the  capillaries  at  the  expense 
of  fie  parenchyma.  This  is  due  to  the  fact  that  a  marked  hyper- 


plasia  of  cells  occurs  in  the  blood  spaces,  secondly  there 
is  a  considerable  atrophy  of  the  fat  cellules  and  thirdly 
mitotic  sta^res  of  division  are  to  be  seen  in  preponderating 
nvunbers  along  the  periphery  of  the  venous  blood  spaces. 

Smears,  -  The  marrow  smears  indicate  that  sporuiation 
is  allowed  to  go  on  undisturbed.  A  mere  glance  at  plate  I 
and  figures  2  and  3  clearly  show  that  multiplication  of  para- 
sites goes  on  in  the  bone  marrow.   Segmenters  having  broken 
off  from  the  red  blood  cells  are  present  in  large  numbers. 
Trophozoites  and  extremely  young  schizonts  preponderate, 
either  free  or  attached  to  large  mononuclear  cells.  Only  few 
mature  erythrocytes  are  found  smd  such  cells  are   invariably 
free  from  parasites.  On  the  other  hand  the  normoblasts  are 
practically  all  infested  with  tv/c  or  three  organisms.  This 
finding  has  already  been  noted  in  the  first  part  of  the  work 
in  the  case  of  the  blood  of  such  infected  birds.   Since  such 
is  the  state  of  affairs  in  the  blood  of  heavily  infected  birds 
it  is  believed  that  a  grent  peurt  of  sporulat  ion  actually  takes 
place  in  the  bone  marrow  and  that  the  normoblasts  are  attacked 
in  the  marrow  and  thence  discha  ged  into  the  outer  circulation. 

Liver.  A  considerable  number  of  pigmented  macrophages 
were  seen  in  the  liver  sections  as  well  as  many  pigmented 
endothelial  cells.  There  was  no  marked  alteration  in  the  tissue 
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tissue  as  vras  obsonrod  in  the  spleen  and  marrcnr   yet 
distention  of  the  capillaries  was  found  in  various 
parts.  Only  few  parasites  could  be  detected  and  they 
were  intracellular.   Clumps  of  pignent  in  the  sinuses 
and  in  betvreon  the  pulp  cells  vrere  -ividoly  distributed. 

Tissue  smears  from  the  liver  showed  some 
pigment  and  a  number  of  parasitized  red  blood  colls  as 
well  as  some  free  trophozoites  and  secmenters. 

Kidne_y.  The  kidney  in  birds  is  essentially 
the  sane  as  that  ofhigher  animals.  There  was  no  evidence 
for  any  alteration  in  the  histology  of  the  tissues.   Pig- 
ment was  found  in  considerable  amount  and  o  number  of 
parasitized  red  blood  cells  vrare  observed. 

The  smears  revealed  a  number  of  organiscia . 

Brain.  No  noticeable  changes  were  found  except 
the  presence  of  pigment  and  a  fev;  parasitized  red  cells 
here  and  there  in  the  sinuses.  No  hyperplasia  was  noticed. 

•3.   Conditions  Found  in  the  Tissues  of  Birds  at 
the  End  of  Infection. 

rvvo  birds  v;-ere  sacrificed  at  the  tin©  .vhen 
parasites  had  practically  all  disappeared  from  the  blood. 

The  spleen  was  slightly  enlarged  and  sonev/hat 
darker  than  the  normal. 
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Soctions  of  8uch  spleons  show  that  the  endoth- 
elial cells  which  form  the  boundaries  of  the  blood  spaces 
have  practically  returned  to  their  nonaal  status  and  most 
of  their,  are  free  from  pignent.  The  lumen  of  the  vessels 
have  resumed  a  size  very  near  to  the  normal  for  the  red  and 
white  corpuscles  are  not  as  numerous  as  before.  There  still 
aeens  to  be  a  hyperplasia  of  the  mononuclear  cells  but  not 
as  considerable  as  in  the  highly  infected  birds.   Parasites 
are  found  in  only  sniall  numbers  and  no  free  organisris  were 
seen  in  the  sections. 

In  the  tissue  smears  parasites  were  found  too  in 
practically  every  stage  of  development. 

A  remarkable  regeneration  vras  also  observed  in 
the  bone  marrwr  of  these  birds.   There  vre.3   a  great  loss  of 
the  bright  red  color  and  considerable  restoration  of  the 
grayish  hue.  Sections  of  the  bone  marrow  confirmed  this 
outer  appearance  in  that  the  adipose  tissue  resumed  a  more 
or  less  normal  morphology.  Llitotic  figures  were  no  more  con- 
spicuous ,  in  fact  were  quite  scarce  and  the  erythroblasts  and 
leucocytes  showed  a  normal  distribution  within  the  lumen  of 
the  vessels,  ".'."hereas  in  the  first  cases  described  the  normo- 
blasts were  in  preponderance  here  the  your.g  red  cells  were 
found  in  small  proportion.  Yet  granules  of  pigment  were  seen 
in  various  parts  of  the  sections  both  in  the  macrophages  - 


lying  froe  in  little  clvunps.  'Juite  a  fe\~   parasitized 
red  blood  cells  wore  observed,  also  some  free  parasites. 

On  studying  the  snears  of  the  bone  marrow 
practically  all  stages  of  proteosoma  were  found  indicating 
that  the  asexual  cycle  is  still  in  operation. 

4.   Conditions  found  in  the  tissues  of  birds 
during  the  latent  infection. 

a.  One  bird  was  sacrificed  two  weeks  after 
the  infection  disappeared  from  the  blood.  Blood  examin- 
ations yrere   made  during  that  period  and  v/ith  a  careful 
search  it  vms  not  possible  to  detect  any  organisms. 

The  spleen  and  bone  marrovr  vrere  found  absolutely 
normal.  No  alterations  of  any  kind  were  found  in  the  histol- 
ogy of  those  tissues  but  pigment  was  still  sparsely  distrib- 
uted. Lengthy  and  exceedingly  laborious  examinations  of  the 
smears  of  the  spleens  and  marrmr  revealed  a  nunber  of  organisms 
that  -.vere  perfectly  normal  morphologically.  A  fe\t   schizonts, 
one  trophozoite,  two  gametocytes  and  some  segmenters  were 
found  as  seen  in  Plate  I,  figs.  5  and  6,  and  Plate  II,  figures 
1,  2,  3  and  4. 

b.  One  bird  was  sacrificed  31  days  after  the  para- 
sites hai  disappeared  from  the  tlood.   The  bird  had  been  infected 
for  over  t^ro  weeks  and  after  the  decline  of  the  infection  completely 
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recuporatod  and  blood  smoars  did  not  3ho\r  any  organisms 
for  31  days. 

Sections  of  tha  splaen  and  bone  marrov/-  indic- 
ated that  caaplete  regeneration  had  taken  place.  Three 
hours  -.Tere  spent  on  a  nui::bor  of  sections  and  snoars  made 
from  the  spleen  and  marrovf  and  ultimately  two  organisms 
were  detected,  one  of  -vrhich  vms  a  perfectly  normal  looking 
and  beautiful  segmenter  and  the  other,  an  atypical  schizont, 
(Plate  II,  figs.  5  and  6). 

Another  bird  was  sacrificed  one  month  after  the 
original  infection  had  subsided  (  B  19).   It  was  only  after 
many  hours  of  constant  search  that  it  was  possible  to  dem- 
onstrate a  single  parasite.   This  young  schizont  is  seen  in 
Plate  III,  fig.  2. 

c.  B  9  as  table  10  shows  had  several  relapses 
but  the  original  infection  subsided  on  June  29,  and  its  day 
of  autopsy  is  counted  from  that  date,  that  is,  the  bird  was 
sacrificed  six  months  after  the  acute  infection  had  subsided. 
In  this  bird,  too,  it  was  possible  to  demonstrate  one  organ- 
ism after  the  repeated  examination  of  a  large  nunber  of  slides • 
As  Plato  III,  fig.  5  indicates  the  organism  is  a  typical  young 
segmenter. 

B  14  vra.s  autopsied  2  and  a  half  months  after  the 
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infection.  One  extremely  young  schizont  ^ms  detected 
with  extreme  difficulty.  Plato  III,  fig.  4  . 

Discussion. 

In  the  study  of  tissues  which  has  been  pres- 
ented above  it  vras  seen  that  severe  changes  tal:e  place 
in  tho  bone  marrovr  and  spleen  of  heavily  infected  birds. 
Some  of  these  findings ,  such  as  the  heavily  pigmented 
endothelial  cells ,  and  tho  occluded  sinuses  are  in  harmony 
TTith  those  reported  by  KacCallma,  in  case  of  Halteridium 
infected  birds.  The  trenendous  reduction  in  the  adipose 
tissue  of  the  bone  marrov/-  and  the  hyperplastic  condition 
in  the  blood  elements  have  been  observed  by  Bizzoaero 
and  Torre  in  anaemic  birds. 

Extracellular  parasites  or  parasites  appar- 
cells 
ently  attached  to  mononuclearAave  not  previously  been 

described. 

It  is  tremendously  interesting  to  note  v.-ith 
•what  rapidity  the  regeneration  and  practical  restoration 
to  the  normal  takes  place  in  the  organs  of  birds.  The 
building  up  processes  are  at  a  maximum  speed  for  whereas 
great  histological  disturbances  are  invariably  seen  during 
the  severe  stages  of  the  malady,  after  the  apparent  dis- 
appearance of  the  organisms  from  the  blood,  the  ill  effects 
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are  conspicuously  reduced.   Inaanuch  as  bhe  subsequent 
birds  oxanined  showed  oven  greater  proxiiaity  to  norciality 
it  must  be  said  that  recovery  in  the  tissues  is  pronpt 
and  ref^lar.  However,  the  fact  that  a  £evr   parasites  re- 
main in  the  tissues  and  can  be  demonstrated  there  in 
various  stages  of  development  and  exhibit  a  normal  morph- 
ology indicates  that  the  host  has  not  completely  gotten 
rid  of  the  infection  and  that  the  asexual  cycle  continues 
to  some  extent.   It  might  be  that  the  host  has  built  up 
a  resistance  against  their  reproduction.  Assuming  that 
such  is  the  condition  it  can  only  be  of  a  temporary  nature 
since  in  most  birds  one,  tiro  and  sometimes  three  relapses 
occur  at  varying  intervals. 

The  problem  of  actual  destruction  of  the  parasites 
has  been  of  great  interest  in  this  study.  As  it  has  already 
been  noted  above,  actual  phagocytosis  in  the  blood  has  been 
obseirvod  in  one  case;  Plate  III,  fig  1,  clearly  picture  such 
a  state  of  affairs.  Many  ^aimsites  are  in  the  process  of 
destruction  and  some  show  marked  swelling  and  complete  degen- 
eration.  The  mononuclear  cells  undoubtedly  have  a  hamful 
effect  on  the  parasites  irhethor  that  effect  is  due  to  direct 
phagocytosis  or  to  some  antibody  produced  in  the  blood  it  is 
not  possible  to  state. 

In  the  tissues  phagocytosis  is  seen  again.  Here 
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it   is   possible  to   observe  it  much  more  frequently  than 
in  the  blood.     Several  largo  mononuclear  cells  have 
been  noted  to  contain  within  their  bodies   pi^ent  and 
debris  of  parasites   indicating  that  they  not  only  era- 
brace  the  organisms  but  also  enj^lf  then  and  subsetjuently 
conpletely  destroy  then  (See  Plate  III,   fig.  Z) 

In  studies   concerning  fixed  tissue  phagocytosis 
Kyes    (1922)  has   sho;Tn  that  the   physiological  destruction 
of  erythrocytes  is  accomplished  by  endothelial   cells   in 
the  spleen.     He  has  shoiim  that  these  cells  display  great 
activity  in  removing  bacteria  from  the  blood  stream. 
There  is  but   little  doubt  in  the  trriter's  mind  that  such 
a  phenomenon  goes  on  in  the  blood  and  tissues   of  Proteo- 
aoma  infected  birds.      It  vrould  therefore   seem  probable 
that  the  great  reduction  ir;  the  number  of  parasites   is 
due  to  their  actual  destruction  by  fixed  tissue  cells 
as    Tell  as  by  the  circulating  phagocjrtes.      In  other  words 
it  seems   as   though  phagocytosis  goes   on  both  in  the  tissues, 
particularly  in  the  spleen  and  marrow,  and  in  the   circulating 
blood. 


(Svimmary  will  be  found  on  page    57) 
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Part  III:  Relapse. 

Introduction.  Relapse  has  been  defined  as  follows: 
"a  return  of  the  fevar  and  parasites  after  the  former 
has  ceased  and  the  latter  have  disappeared  fron  the 
peripheral  blood;  reinfection  being  excluded."  (j£uaes , 
1^11). 

It  is  an  established  fact  that  a  considerable 
proportion  of  the  malaria  rate  is  due  to  relapse.   In 
certain  places  such  as  Greece  and  Italy,  in  printer  vhen 
the  po33ibil5.ty  of  reinfection  is  either  very  slight  or 
absent  there  is  none  the  less  a  very  considerable  amount 
of  the  disease.  Such  an  occurrence  indicates  that  when 
large  numbers  of  people  are  infected  in  a  locality  a 
certain  number,  after  the  clinical  symptoms  have  subsided, 
vrill  still  harbor  the  parasites  until  conditions,  concern- 
ing '.Thich  little  is  knoim,  bring  about  another  attack. 

It  has  been  shorrn  that  in  some  places  the  in- 
crease in  the  amount  of  malaria  at  the  beginning  of  the 
wet  season  is  out  of  proportion  to  the  increase  in  the 
amount  of  j\nophelines.  Before  the  mosquitoes  can  transmit 
the  infecfcion,  it  takes  a  certain  length  of  time  for  them 
to  brood  and  become  infected,  but  the  malaria  rate  rises 
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promptly  aft'jr  tho   firat  heavy  rains  ovon  in  placaa 
vrhere  the  mosquito  rato   shcrrfs  no  perceptible   incraaso. 

It  is  therefora  very  evident  that  the  etiol- 
ogical factor  of  relapse  must  be  looked  for  in  man  him- 
self. 

Original  Obsorvations.    In  the  rrork  vvibh  malaria-infected 
canarios   it  was  obsorved  that  a     nur.iber  of  the   birds 
relapsed  at  varying  intervals ,   in  spite   of  the  fact  tliat 
the  surrounding  conditions  had  not  altered  in  any  percept- 
ible degree.      Some  birds  'vere  induced  artificially  to 
relapse  either  by  radiation  '.rith  ultra-violet  rays   or  "oy 
injection  vrith  adrenalin. 

The  follovfing  data  briefly  outline  a  f&ir  of  the 

relapsing  cases. 

Table  10 
Bird  9. /The  acute  infection  vra.s  over   on  July  3d. 

The  bird  ^7a3  exsuained  until  the  beginning  of  October.     On 

the  12th  day  of  that  month  one  ganetocyte  v;as  found  after 

20  minu':33  search.     On  October  19  t<fo  parasites  were  found. 

No  parasites  were  then  detected  until  November  9  when  the 

bird  inx3   radiated  at  a  distance  of  60  inches  and  a  relapse 

occurrgi  vrithin  t^o  days  -.Then  four  schizonts  were   found. 

The   follorring  day  one  mature  and  one   extremely  young  schizoni 

were  detected.     From  that   day  up  to  the   26th  of  November 
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no  organians  Troro  found  in  tho  noriphorai  blood.  The 
bird  vras  then  inoculated  with  adrenalin  (provocabive 
dose  -  0.00004  grans),  three  hours  ifter  vrhich  one  schi- 
zont  and  one  trophozoite  were  obsorvod.  On  Doo.  29th 
one  geunete  and  one  schizont  were  found,  and  on  the  foll- 
owing day  only  one  schizont  was  detected  after  a  prolonsed 
examination.  Frooa  that  date  up  to  February  19th  no  org- 
anisms vrere  found  in  the  blood.  The  bird  was  then  sacri- 
ficed. 

Table  10 

Bird  14.  /  The  bird  recovered  from  its  infection 
on  Nove  '.bar  18  and  on  daily  examinations  of  its  blood  show- 
ed no  organisms  until  December  19,  on  which  day  3,210  para- 
sites vrare  found  per  cmm.  of  blood.  The  parasites  found 
were  all  schizonts.  Uicroscopical  examinations  of  the  blood 
revealed  parasites  for  three  days  and  subsequent  examinations 
were  negative.  On  Decenber  29,  at  11  A.  M.  the  bird  received 
a  dose  of  adrenalin  and  within  ■b.ro  hours  there  trere  counted 
2,565  parasites  per  cini,i.  of  blood.  The  sane  nuriber  of  para- 
sites was  presant  on  tho  follovfing  day  with  the  exception 
that  H  trophozoite  vms  found  besides  the  schizonts  and  gameto- 
cytes  that  were  present  on  the  previous  day.  After  that  day 
it  was  no  possible  to  detect  any  organisms  until  January  5 
when  the  bird  received  a  second  injection  of  adrenalin,  but 


relapse  occurrad.  The  bird  was  aacririoed  on  February 
6  for  tissue  examination. 

Bird  20.   The  last  parasites  of  the  peripheral 
infection  were  observed  on  Decsinbor  20th.  The  blood  vra.3 
negativo  on  December  2l3t  and  22d  ^Thon  the  bird  >ra3  in- 
jected with  the  usual  dose  of  adrenalin.  Three  hours 
after  the  injection  there  were  found  1,590  parasites 
per  cnn.  of  blood.   The  organisns  were  all  schizonts. 
On  Decenber  24th  one  schizont  vms  found  and  on  Deceaber 
25th  one  gaiaetocyte.  Blood  examinations  were  negative 
after  that . 

Bird  17.  The  infection  of  Bird  17  was  still 
active  on  January  5th;  i.  e.  there  were  13,920  organisms 
per  cmn.  of  blood,  however  an  injection  of  adrenalin  vras 
given  to  it  in  order  to  study  the  reaction.  '.Vithin  4  hours 
the  parasite  count  had  risen  to  17,  835  por  cinn.  of  blood. 
but  on  the  following  day  it  fell  to  3,265  and  then  ooia- 
pletely  subsided  within  the  next  two  days.  The  bird  was 
sacrificed  on  February  19th. 

Bird  15.  The  infection  of  Bird  15  subsided  on 
December  13.  On  the  29th  a  provocative  dose  of  adrenalin 
was  given  to  it,  but  no  relapse  occurred. 
Discussion.   The  data  just  presonted  clearly  indicate  that 
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ortiricial  rolapse  can  bo  induced  by  means  of  radiation 
or  by  tho  injection  of  provocative  doaoa  of  adronalin. 
Since  the  physiological  reaction  of  adrenalin  ia  solely 
directed  on  the  spleen  it  must  be  borne  in  mind  that  the 
organisms  that  reappear  in  bhe  circulation  are  derived, 
primarily  from  the  spleon  rather  than  frora  the  bone 
marrow.  The  fact  that  parasites  can  be  brought  out  into 
the  peripheral  circulation  after  relatively  long  periods 
of  apparent  cures  strengthens  the  finding  described  in 
the  second  part  of  this  paper,  i.  e.  that  sone  parasites 
remain  indefinitely  in  the  bone  marrff?  and  spleen.   The 
beliof  that  they  are  go  Ing  through  a  nonnai  asexual  cycle 
is  strengthened  by  the  fact  that  various  stages  of  their 
dovelopiaental  cycle  have  been  found.  As  it  has  already 
been  shovm  above,  asexual  organisms  of  a  perfectly  normal 
morphology  vrere  demonstrated  in  the  spleen  and  bono  narroir, 
2  weeks ,  4  treeks ,  5  "vreeks ,  two  and  a  half  months  and  six 
months  after  the  actual  infections  had  completely  disappeared 
from  the  blood.  This  indicates  that  comparatively  snail  num- 
bers of  the  asexual  forms  survive  and  that  such  numbers  suffice 
to  keep  the  infection  alive  for  varying  periods  of  time. 

The  fact  that  parasites  are  not  usually  d.imonstrable 
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in  tha  blood  during  the  apyretic  interval  between  relapses 

by  no  means  indicates  that  they  are  not  there.      It  is   only 

when  they  have  attained  a  certain  numerical  value  that   one 

can  find  thera  in  the  blood  srnear.      In  1910  Thoason  and  Rosa 

publ5.3hod   their  results  -.Therein  matheuatical  methods  '.rare 

used  to  count  accurately  the  degree  of  infection.     By  use 

of  the  thick  film  they  were  able  to  shov/-  the  parasites  between 

relapses  '.rheroas  the  usual  nothod  •.rould  nou  reveal  the   organisms  • 

In  the   present  work  it   often  happened  that   slides  that  wore 

put  a\ray  as  negative,  upon  a  careful  and  patient  reexamination 

proved  to  contain  one   or  mora  parasites. 

It  vras   shovfn  in  the  first  and  second  parts  of  this 
paper  that  phagocytosis  is  probably  the  most  important  factor 
in  the  disappeorance  of  the  parasites  from  the  outer  circulation. 
In  the  acute  hxanan   infections  which  pass  into  a  lonj  c'lronic 
stage  in  -.rhich  no  parasites  can  be  found  in  the  blood,   it   see:r.8 
probable  that  the  destipuctive  process  is   carried  to  such  an 
extent  thatthe  parasites  are  too  few  in  the  blood  to  find  by 
direct  raicroscopical  examination.     According  to  this   relapso 
probably  is  brought  about  by  the  removal  of  the  destructive 
agent   so  tha';   the  parasitgs  aro  permitted  to  accumulate  in 
the  blood. 

For  the   sake    of  clarity  it   seems   logical  herj  to 
state  the  various  hypothesjs  that  have  been  brought  forth  as 
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the  causes  oi*  relapso.  Aooording  to  James  thoy  fall 
under  two  heads : 

(1)  "Sono  particular  or  peculiar  fonn  of 
the  parasite  is  developed  during  the  asoxual  cyole  and 
this  form  is  resistant  to  quinine  and  to  the  protective 
forces  of  the  body.   It  roaains  latent  until  called  into 
activiby  by  certain  forces  -/^hoso  action  is  not  as  yet 
clearly  understood,  -when  it  breaks  up  into  merozoite- 
liie  parasites  '-rhich  take  up  anew  the  asexual  cycle. 

"This  is  the  hypothesis  vrhich  explains  re- 
lapses as  due  either  to  parthenogenesis  of  the  female 
gamete  as  advanced  by  Canalis,  Grassi,  Ikuer,  Nab  and 
others  and  Trorked  out  in  detail  by  Schaudinn ,  or  as  due 
to  segmentation  or  a  parasite  formed  by  conjugation  of 
the  young  asexual  forms  vrhich  is  the  view  taken  by 
Craig." 

(2)  "After  a  diminution  in  their  vitality 

due  eitlior  to  quinine  or  to  the  natural  protective  forces 
0?  the  body,  the  asexual  parasites  continue  to  go  through 
their  normal  life  cycle  but  in  a  very  small  nui.iber  relatively 
speaking  until  the  causes  tliat  bring  about  relapse  effgct 
a  renewal  of  vitality  so  that  the  parasites  increase  in 
numbers  until  the  clinical  symptoms  of  relapse  are  nanlfssted. 
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This  hypot'iaaia  has  tho  support  of  Ross, 
Thomson,  Jajaos  and  is  slightly  modified  by  Dignani." 

In  the  light  of  the  results  obtained  in  this 
experinental  work  it  soens  certain  tha^:  the  sooond  hypoth- 
esis is  correct, 

Sumnary. 

Part  I.  The  Course  of  Infection.  Statistical 
Studies  were  made  on  tvrenty-three 
Birds  infected  v/ith  Proteosoiaa  praecox. 
1.  Three  types  of  infection  Here  encountered, 
(1)  primary  acute  infections,  (2)  extanded  irregular  infect- 
ions and  (3)  benign  infections. 

a.  Four  birds  exhibited  primary  acute  infections. 
Acute  infections  are  short  in  duration,  (  5  to  10  days).  Daily 
counts  of  the  red  cells  and  parasites  shovred  an  innediate  de- 
crease in  red  cells  after  inoculation;  an  inoculation  period 
of  fron  12  to  25  days,  followed  by  a  rapid  rise  in  tho  para- 
site count  and  a  rapid  fall  in  the  red  cell  count;  then  the 
number  of  parasites  decreased  abruptly  and  the  number  of  red 
cells  began  to  increase  a  lars3  percontige  of  them  being 
normoblasts.  (Seo  tables  1,  2  and  3  and  Figs.  1,  2  and  3). 

b.  Sixteen  birds  exhibited  extended  irregular 
infections.  These  infections  are  of  long  duration.  Large  fluot- 
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uutiona  occur  in  tho  numbar  of  parasites  nrosont  and 
whaneV'ar  the  parasit93  increaso  in  nurabor  a  correspond- 
ing decrjiise  in  re4c9ll3  occurs.  A  gradual  decrease  in 
the  nunber  of  red  cells  was  noted  during  the  incubation 
period  and  a  continued  increase  in  the  nunbor  of  red 
cells  aftar  a  fall  in  the  parasite  number,  as  in  birds  vrith 
primary  acute  infections  (See  Tables  4,  5,  6  &  7  and  Figs. 
4,  5,  6  and  7). 

c.  Three  birds  exhibited  bonign  infections. 
Such  an  infection  is  very  mild  and  of  short  duration. 
XJhangss  in  the  red  cell  and  parasite  counts  vrere  observed 
similar  to  those  noted  above  but  of  a  less  pronounced  nature. 
(See  Tables  8  &  9,  and  Figs.  8  and  9). 

2.   Large  mononuclear  leucocytes  increased  in 
number  as  the  nunber  of  parasites  increased  and  decreased 
in  nur.iber  .Then  a  decrease  in  the  nunbor  of  parasites  occurred. 
Since  phagocytosis  of  parasites  is  knovrn  to  tal:e  place  in  the 
blood,  it  is  suggested  that  this  process  may  be  responsible 
in  part  for  the  decrease  in  the  nunbor  of  parasites  present. 
(See  p.  14,  Plate  III,  Figs.  l-3j. 

Part  II.  Tis3U03  of  the  spleen,  bone  marrow,  brain, 
liver  and  kidney  were  examined  fron  normal  kinds,  birds  sacri- 
ficed at  t5ie  height  of  the  infection  and  at  various  times  during 
the  apyretio  period. 
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Pathology. 

1.  Splaen.  Two  birds  ^rorg  sacrificed  at  the 
height  of  the  infection.  The  changea  in  the  spleen  wero 
(l)  distention  of  endothelial  cells,  containing  large 
quantities  of  pis^nent;  (2)  capillaries  occluded  vrith 
paras it  izod  red  cells;  (3)  an  increase  in  the  number  of 
large  mononuclear  cells  and  mitotic  fii^res;  and  (4)  young 
parasites  free  or  attached  to  mononuclear  cells. 

Sections  of  spleens  of  birds  sacrificed  at  the 
end  of  the  peripheral  infection  shmr  a  great  decrease  in  the 
in  the  extent  of  the  pathological  changes  described  aboro. 

Sections  of  spleens  taken  from  birds  at  varying 
intervals  during  the  latent  infection  show  no  perceptible 
alteration  in  the  normal  histology. 

2.  Marrow.  The  pathological  changes/in  the  bone 
marrow  of  highly  parasitized  birds  are  (1)  a  decrease  in  the 
adipose  tissue  and  preponderance  in  mitotic  figures  and 
mononuclear  cells;  (2)  a  dilatation  in  the  venous  capillaries; 
(3)  hyperplasia  (4)  parasitized  red  cells  and  free  trophozoites. 

At  the  end  of  bhe  infection  there  is  noticed  a 
restoration  of  the  adipose  tissue  and  a  decrease  in  mitotic 
figures,  leucocytes,  and  normoblasts.  Pigment  and  a  small 
noiraber  of  parasites  were  still  to  be  seen. 
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No  si3nificant  pathoiocical  changes  •.rare 
found  in  tho  bono  marrow  durinf;  the  varying  stages  of 
the  latent  infaction. 

3.  Parasites  wore  found  at  tho  height  of 
the  infection  in  greatest  numbers  in  th :  spleen  and 
bone  marrow  and  were  less  numerous  in  the  brain,  livor 
and  kidney.  Tovrards  the  end  of  the  infections  and  during 
the  apyretic  periods  they  were  only  found  in  the  spleen 
and  bone  narrow.  At  the  ond  of  the  infections  when  it  .ms 
no  more  possible  to  find  parasites  in  the  outer  circulat- 
ion organisms  ware  demonstrable  in  the  spleen  and  bone 
marrov,-.  Two  weeks,  4  weoks,  5  weeks,  two  and  a  half 
months  and  six  months  after  the  infections  had  disappear- 
ed froi::  the  blood  a  few  parasitos  were  found  in  tho 
tissues  after  long  patitant  search. 

The  parasites  demonstratad  iore   in  various 

stages  of  development — trophozoitas ,  schzonts  and  gonoto- 

II,  III  2,3,4.5,6,  &  2,  45 
cj-tos.  (  See  Plata/  Figs.  i,)-and  ase:cuai  reproduction 

was  undoubtedly  taking  place. 

Part  III.  Relapses  occurred  spontaneously 

in  birds  9  &  14,  and  were  induced  artifioiall;'  in  birds 

9,  14,  20  4  17. 
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1.  Spontaneous  rolapsoa.  A  relapse  occurred 
in  Bird  9  one  hundred  and  one  days  after  the  last  parasite 
Iran  found  in  the  blood;  gametocTtes  were  present.  Bird 

14  relapsed  forty-one  days  after  the  last  parasite  vras 
found  in  the  blood;  all  the  paraaites  were  schizonts. 

2.  Provocative  ralansos.   Fron  October  19 

to  Nov.  9  Bird  9  showed  no  parasites;  upon  radiation  four 
sohi?.onts  wore  found.   Fourteen  days  later  another  relapse 
occu.-rad  aftor  an  infection  of  a  provocative  dose  of  adren- 
alin; for  a  few  days  all  stiftgas  of  the  organis.Tis  were  found. 

In  Bird  14  an  artificial  relapse  vms  induced. 
37  days  after  its  first  and  spontaneous  relapse,  schizonts, 
gametocytes  and  trophozoites  ^rere  prasent.  In  Bird  20  a 
relapse  was  brought  about  2  days  after  the  end  of  the  blood 
infection  •  schizonts  were  found. 

3.  Studies  of  theCourse  of  Infection,  of  tissue, 
smears  and  sections  and  of  spontaneous  and  experimental 
relapses  add  convincing  evidenco  to  the  hypothesis  that 
during  the  afebrile.' periods  of  a  malarial  infection,  the 
parasites  are  present  in  certain  internal  organs  as  well  as 

in  very  snail  numbers  in  the  blood,  vrhere  they  are  continually 
undergoing  asexual  reproduction. 
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One  factor  that  may  prevont  tho  actual 
incroaag  in  tho  nunbor  of  parasites  during  tho  afebrile 
period  is  the  phagocytosis  of  the  young  stages  in  the 
life  cycle  of  the  organism. 
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Tables  1  and  2. 


Bird  9.   Inoculated  in  breast  muscle,  Way  31,  1922  vrith  0.5  c.c. 
of  saline  diluted  blood  fron  B.  8  con'^^aining  largo  nimbers  of 
Proteosoma  praecox. 

Bird  19.   Inoculated  in  breast  muscle,  i:ay  14,  1922  with  0.5  c.c. 
of  saline  diluted  blood  fron  B.  14  containing  fairly  large  nuinbors 
of  Proteosotia  rraecox. 


Bird  No.    9 

(1) 

Bird  No.    19        (2) 

Date 

Blood  per 

Parasites 

Date 

Blood  per 

Parasites 

injectod 

cnun. 

per  ccan. 

injected 

CEUll. 

per  cxsm. 

May  31 

4,270,000 



Nov.   14 

5,200,000 

— 

June  3 

4,110,000 

— 

Nov.   21 

4,800,000 

— 

June  15 

3,990,000 

— 

Nov.    24 

4,320,000 

— 

June  23 

3,800,000 

4,850 

Nov.   26 

4,300,000 

1,900 

June  24 

2,880,000 

17,325 

Nov.    27 

4,240,000 

2,968 

Juno  26 

3,500,000 

10,768 

Nov.   28 

3,900,000 

10,140 

June   27 

■1,000,000 

2,199 

Nov.   29 

3,000,000 

16,000 

June   28 

4,650,000 

1,274 

Dec.      1 

3,161,000 

11,060 

June  29 

4,850,000 

one   paras: 

Lte   "       4 

2,500,000 

24,000 

June  30 

4,900,000 

II             II 

"       5 

2,500,000 

28,000 

Oct.   12 

4,900,000 

— 

Oct.   27 

4,850,000 

— 

Nov.   2 

4,900,000 

— 

Nov.    9 

4,850,000 
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Tables  3  and  4. 


Bird  10.   Inoculated  in  breast  muscle,  Juno  2,   1922, 
0.5  c.c.  of  saline  diluted  blood  from  B. 


with 


Bird  4.   Inoculated  intraporit:oneally ,  April  23,  1922,  \rith. 
saline  diluted  blood  from  B  2  containing  relatively  fe^T  para- 
sites. 


B 

ird  10.          (3) 

B 

ird  4.      (4) 

Date 

Blood  per 

Parasites 

Date 

Blood         Parasites 

injected 

cmm* 

per  crmi. 

injected 

per  cmm. 

per  cmm. 

Jure  2 

4,785,000 

.. 

April 

23 

5,000,000 



June  6 

4,620,000 

— 

April 

28 

4,600,000 

— 

June  3 

4, 13 r. 000 

— 

ray 

7 

4,150,000 

— 

June   15 

4,000,000 

— 

L^ay 

8 

4,050,000 

8,000 

June  16 

3,400,000 

800 

I'iay 

10 

4,000,000 

12,000 

Juno   17 

3,195,000 

1,100 

I'^y 

12 

3,b50,0O0 

17,000 

June  18 

3,000,000 

2,000 

:.!ay 

17 

3,100,000 

27,000 

June   19 

2,604,000 

14, COO 

I'-ay 

18 

3,100,000 

29,000 

June   32 

2,604,000 

25,000 

i:ay 

24 

3,220,000 

36,000 

June  23 

2,900,000 

34.000 

v&v 

26 

3,500,000 

39,000 

Juno   24 

3,420,000 

30,000 

Fay 

29 

3,800,000 

45,000 

Juno  25 

3,300,000 

28,000 

Juno 

4 

3,700,000 

52,000 

June   26 

3,555,000 

24,000 

June 

8 

3,500,000 

55,000 

June  27 

3,880,000 

19,000 

June 

9 

4,200,000 

6,000 

June  20 

4,200,000 

14,000 

June 

10 

4,250,000 

5,000 

Death 

June 

12 

3,900,000 

11.000 

June 

13 

3,430,000 

15,000 

June 

15 

4,250,000 

3,000 

June 

17 

3,800,000 

54,000 

Jvme 

19 

3,900,000 

1,500 

June 

21 

4,200,000 

4,000 

June 

23 

4,400,000 

— 

June 

24 

5,200,000 
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Tables  5  and  6. 

Bird  3.  Inoculated  intraperitoneally  and  in  breast  muscle 
Juno  22,  1922,  with  0.5  c.o.  saline  diluted  blood  from  B  2 
containing  relatively  few  parasites. 

Bird  17.  Inoailated  in  breast  muscle,  November  21,  1922, 
with  0.5  c.c.  saline  diluted  blood  from  B  20  containing  a 
fair  number  of  parasites. 


Bird  3.   (5) 


Jird  17.   (6) 


Date  Blocd  count       Parasites     Date  in-     Blood  count     Parasites 

injected       per  cmm.  per  cram.        jected         per   cmn.  per  can. 


Juno 

21 

5,00C,000 

Nov. 

24 

4,780,000 

June 

28 

4,450,000 

— 

Nov. 

29 

4,600,000 



July 

1 

4,050,000 

— 

Dec. 

1 

4,450,000 

— 

July 

3 

3,310,000 

6,371 

Dec. 

3 

4,400,000 



July 

4 

2,900,000 

15,657 

Dec. 

5 

4,310,000 



July 

5 

3,000,000 

13,600 

Dec. 

8 

4,160,000 



July 

7 

3,500,000 

5,500 

Dec. 

9 

4,090.000 

1,000 

Julv 

8 

3,900,000 

6,580 

Dec 

10 

5,920,000 

2,400 

July 

10 

4,070,000 

14,820 

Dec. 

11 

3,650,000 

4,650 

July 

11 

3,200,000 

21,240 

Dec. 

12 

5,060,000 

5,650 

Julv 

12 

3,060.000 

31,500 

Dec. 

14 

2,900,000 

900 

July 

14 

3,940,000 

25,480 

Dec. 

15 

2,600,000 

2,000 

Jul" 

15 

3,730,000 

26,560 

Dec. 

16 

2,650,000 

6,000 

Julv 

17 

3,200,000 

22,818 

Dec. 

17 

2,750,000 

12,000 

July 

18 

3,010,000 

52,910 

Dec. 

19 

2,800,000 

21,105 

Death 

Dec. 

21 

2,900,000 

11,000 

Dec. 

22 

3,120,000 

13,700 

Dec. 

23 

4,000,000 

9,000 

Dec. 

24 

4,150,000 

7,000 

Dec. 

25 

4,400,000 

5,000 

Dec 

26 

4,600,000 

2,600 

Dec. 

27 

4,820,000 

0,600 

Dec 

30 

5,100,000 

__ 

Dec 

31 

— 
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Tables  7  and  8. 


Bird  14.      Inoculated  in  the  breast  muscle,   October  18,    1922, 
in  Dr.  TYhitmore's   laboratory. 

Bird  15.      Inoculated  in  breast  muscle,  October   18,   1922, 
in  Dr.  ■.Vhitmore ' s   laboratory. 


Bird  14. 

(7) 

Bird  15.   (8) 

Date 

Blood  count 

Parasites 

Date 

Blood  count 

Parasites 

per  cram. 

per  cmm. 

per  cmm. 

per  cmn. 

Oct. 

20 

5,200,000 

__ 

Oct. 

20 

4,950,000 



Oct. 

30 

5,120,000 

— 

Oct. 

27 

4,800,000 

— 

Nov. 

1 

5.000,000 

-- 

Nov. 

1 

4,800,000 

— 

Nov. 

2 

4,900,000 

2,064 

Nov. 

2 

not  made 

— 

Nov. 

3 

4,450.000 

8.448 

Nov. 

3 

4,660,000 

1,296 

Nov. 

4 

4,500,000 

10,500 

Nov. 

4 

4,550,000 

4,200 

Nov. 

6 

3,030,000 

9,500 

Nov. 

6 

4,000,000 

3,000 

Nov. 

7 

2,190,000 

•1,100 

!!ov. 

7 

4,470,000 

1,000 

Nov. 

8 

2,180,000 

5,000 

Nov. 

8 

4,750,000 

— 

Nov. 

9 

2,160,011 

6,000 

Nov. 

11 

5,030,000 

— 

Nov. 

11 

3.440,000 

none  nade 

Nov. 

14 

not  made 

— 

Nov. 

14 

3,900,000 

8.190 

Nov. 

29 

5,120,000 

— 

Nov. 

15 

3,800,000 

5,700 

Dec. 

9 

5,420,000 

— 

'lov. 

16 

3,850,000 

2,700 

Dec. 

11 

5,400,000 

— 

Nov. 

17 

3,850,000 

2,200 

Dec. 

18 

5,500,000 

— 

Nov. 

18 

3,900,000 

2,960 

Nov. 

24 

4,280,000 

— 

Nov. 

27 

4,820,000 

— 

Dec. 

1 

5,200,000 

— 

Dec. 

9 

5,070,000 

— 

Dec. 

16 

5,000,000 

Table  9. 

Bird  20.   Inoculated  in  breast  miscle  on  Novorriber  12,  1922, 
with  0.5  c.c.  saline  diluted  blood  from  B.  14  containing 
large  nunbers  of  Proteosoma  praecox. 


iird  20.        (9) 


Date  injected  Blood  count  per  cram.   Parasites  per  crm. 


November  12  5,500,000 

November  19  4,100,000 

November  21  3,500,000  1,804 

November  24  2,800,000  1,900 

November  25  2,500,000  2,100 

November  26  2,500,000  3,000 

November  28  3,200,000  2,240 

December  1  3,200,000  1,560 

Dece:.ber  2  3,000,000  2,100 

December  3  3,700,000  1,800 

December  5  4,100,000  0,900 

December  9  4,400,000 

January   9  5,525,000 
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Table  10. 

Tables  of  Birds  9  and  14  have  already  been  presented.  The 
f ollCT.'dn  1  are  to  indicate  the  rolapses  of  these  birds. 


Bird  No.    9 

Bird  No.    14 

Date 

?.ed  blood 

Parasites       ] 

Date 

Red  blood 

Parasites 

injected 

colls  per 

per  cinin  • 

injected 

colls   per 

per  cram. 

cnun. 

cnun . 

V&Y  31 

4,270,000 

.. 

Oct. 20 

5,200,000 

June 

9 

4,110,000 

— 

Oct.  30 

5,120,000 

— 

June 

15 

3,990,000 

— 

Nov.    1 

5,000,000 



June 

23 

3,800,000 

4,850 

Nov.    2 

4,900,000 

2,064 

June 

24 

2,880,000 

17,325 

Nov.    3 

4,450,000 

8,448 

June 

26 

3,500,000 

10,768 

Nov.   4 

4,500,000 

10,500 

June 

27 

4,000,000 

2,199 

Nov.    6 

3,030,000 

9,500 

June 

28 

4,650,000 

1,274 

Nov.    7 

2,190,000 

4,100 

June 

29 

4,850,000 

one  para- 
site 

Nov.    8 

2,180,000 

5,000 

June 

30 

4,900,000 

one  para- 
site 

Nov.   9 

2,160,000 

6,000 

Oct. 

12 

4,900,000 

— 

Nov. 11 

3,440,000 

none  made 

Oct. 

27 

4.850,000 

— 

Nov. 14 

3,900,000 

8,190 

Nov. 

2 

4,900,000 

— 

Nov. 15 

5,800,000 

5,700 

Nov. 

9 

4,350,000 

Radiated 

Nov. 16 

3,850,000 

2,700 

Nov. 

12 

4,740,000 

3  schizonts 

Nov. 17 

5,850,000 

2,200 

Nov. 

17 

4,400,000 

2  schizonts 

Nov . 18 

3,900,000 

2,960 

Dec 

8 

4,800,000 

15-3  hrs. 
search 

Nov. 24 

4,280,000 

— 

Dec. 

26 

4,400,000 

injected 
-.vith  adren- 
alin 

Nov. 27 

4,820,000 

" 

Dec. 

27 

— 

1  s.   &  1  trop.Dec.    1 

5,200,000 



Dec. 

28 

— 

1.    3.&  1  gan 

.  Dec.   9 

5,070,000 

— 

Dec. 

29 

1   s. 

Dec. 16 
Dec. 18 
Dec. 20 
Dec. 22 
Dec. 28 
Dec. 29 

Dec. 30 

Jan.    5 

5,000,000 
5,000,000 
4,000,000 
4,200,000 

5,130,000 

3,210 

1,600 

412 

2,565 

2,565 

1   parasite 
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